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PARADON 
~~ dry feed... | 
CHLORINATORS |. 


IN SERVICE 


Over 5 years ago the first Par- 
adon Dry Feed Chlorinator 
was installed. It is still func- 
tioning perfectly, and so are 
over 500 other PARADON 
Dry Feed Chlorinators—and 
they are operating on practi- 
cally every type water supply, 
sewage plant and swimming 
pool. 


The Dry Feed Chlorinator is 
simpler, easier to install and 
more economical to operate. 
The number of parts are ap- 
proximately one-third that of 
any other type. Water, power, 
freezing, drains, piping, injec- 
tor, and as many other items 
are eliminated. 


Bulletin No. 21 recently is- 
sued describes the Paradon line 
of Dry Feed Chlorinators in 
detail. It’s yours for the 
asking. 


PARADON MEG.CO. q 
Arlington, N. J. 


TANDARD DB 


Cty and Private Water and Sewage Systems, 
ati, Industrial Plants and Swimming Pools, 
© Bulletin No. 20 recently issued describes the 
>| ¥ Paradon Chlorinizer for small water supplies. 
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saree THE TORONTO WATER WORKS SYSTEM! 
By R. C. Harris? al 


The City of Toronto lies on a plateau gradually ascending from 


from the mouth of the Niagara River. The altitude ranges from 
the Lake level zero, 245 feet above mean sea level at New York, to 
a maximum of 610 feet in the North Toronto district. The totalarea — 
is 41.3 square miles, which includes 6.4 square miles of land covered by 
water, i.e., the harbor and a small portion of the Lake. The harbor a 
‘games, onunenionntile 1} square miles in area, is formed by an island ~ 
lying to the south of it. There are two small rivers, not ee 
navigable, the Humber in the west discharging to the Lake, and - 
Don in the east center flowing into the harbor. G 
Toronto owes its origin to the French who built a fort and started _ 
a small trading settlement in 1749, under the name Fort i 
In 1793 it became the capital of Upper Canada and was renamed — 
York. In 1834, the population having increased to 9,254, the munic- _ 
ipality was incorporated as a city and given the name Toronto, which _ 
is of Indian origin, denoting “‘a place of meeting.”’ s 
The population of the City proper is now 585,628 according le 
assessors’ figures. Since 1912 the area of the municipality has ll Le 


1 Presented before the Toronto Convention, June 26, 1929. 
2Commissioner of Works, Department of Works, Toronto, Canada. mio 
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mained practically unchanged, it being the policy of the Corporation 
to concentrate upon the provision of municipal services required for 
the existing City and not to encourage, without compensating advan- 
tages, the annexation of bordering municipalities. There is a large 
suburban population of about 80,000, immediately adjacent, to a 
portion of which, the City in 1928, supplied 881 million Imperiai 
gallons of water. . 

The service most essential to the well-being of the citizens is that 
of water supply and distribution. Toronto’s first water works pump- 
ing engine was erected in 1841 by a private company known as 
“The City of Toronto Gas, Light and Water Company” which 
was incorporated in that year by the Parliament of Canada, and in 
1842 entered into a twenty-one-year contract with the municipality 
for the supply of water for fires. This Company also served the 
greater part of the City with domestic service, the supply being se- 
cured via a wooden conduit from the Bay. Many wells were in use. 
In 1851 the works were taken over by the Metropolitan Water Com- 
pany, but prior to 1873, the original owners had again secured control. 

As early as 1854, trouble was experienced through lack of supply, 
and at that time the Company offered to sell the existing works to the 
City for 35,000 pounds sterling. This offer was not accepted, but 
proposals were secured for the creation of a system to be owned by 
the municipality. A comprehensve report was presented by T. C. 
Keefer, C.E., in 1857, but was not acted upon, and the citizens 
suffered for a further period of fifteen years with what was character- 
ized, even by the directors of the Company, “as a deficient supply of 
impure water” which was furnished at exorbitant rates. In 1872, in 
consequence of considerable public agitation, the City secured 
enabling legislation for the appointment of a Board of Water Com- 
missioners and the construction of a water works system. Plans 
were at once prepared, and in 1873, after some negotiation, the Com- 
pany sold its plant to the municipality for $220,000. 

The Board of Water Commissioners decided to establish a munici- 
pal plant of sufficient capacity to serve three times the then popula- 
tion, which was 68,000. 

Consideration was given to the various sources of supply which 
had from time to time been mooted, the Don and Humber Rivers; 
Bond Lake and Lake Simcoe many miles to the north of the City; 
Toronto Bay, rejected as being unfit for use; and finally, various sites 


along the north shore of Lake Ontario from Scarboro on the east to 
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‘the Humber on the west. Lake Ontario was selected as the logical — 

source of supply. 
It was deemed necessary to avoid turbid water as not suitable for 
_ drinking purposes, which would have involved the provision of an 
intake with inlet about 2 miles from shore. The intake proposed was 
- abandoned on the score of expense and in lieu an infiltration basin 
_ was excavated on Toronto Island, to which the water found its way 
= natural infiltration. This basin was originally designed to store 


_ period 1873-1877, were: a 48-inch wooden stave pipe laid across a 
Island; a 36-inch cast iron pipe (with flexible joints) running there-— ; ; 
from across the Bay to the pumping station, which was located | 
contiguous to the existing main pumping station on the bay front 
at the foot of John Street; feeder and distributing mains of 24- and © 
30-inch diameter; and a reservoir (still in use) of 33 million Imperial BE: 
gallons capacity, located in the northern section of the City at an ele- 
— vation of 215 feet above the Lake, and functioning as storage for ex- _ 

cess pumpage during periods of minimum demand. 

In the first few years, many difficulties were encountered. Sec- _ 
tions of the 48-inch wooden conduit in Blockhouse Bay at the Island 
_ rose to the surface in 1874, due to being laid without cover. Owing 
to the inadequacy of the filter basin, channels were cut in 1877 to 
connect the Lake therewith. Wooden conduits leading from these 
channels, became choked at times of storms, and it became necessary 
to take water from a settling basin farther inland and nearer Toronto 
Bay, where the water was frequently impure. In 1878 the City Engi- 
neer assumed control, acting under a Water Works Committee of the 
Council and in the following year abandoned the filter basin which 
had definitely proven a failure. In 1881, a 6-foot wooden stave pipe — 
nearly 4 mile long was laid direct from the Lake, the mouth being in 
25 feet of water. 
It appears from the records that, in 1881, all wells throughout the 


City’s works. Four years later, in 1885, a separate City Water 
Works Department was formed. : 
By 1888 the consumption had nearly reached the capacity of the 
48-inch conduit and Rudolph Hering and 8. M. Gray were retained 
to advise on extensions to the system. Following their reeommenda- — 
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tions, a 72-inch steel extension to the stave conduit was laid 361 feet 
southerly into 60 feet of water, a 60-inch steel pipe was laid across the 
Island to the northerly shore crib, and a 48-inch steel pipe placed on 
the floor of the Bay connecting with the pumping station at John 
Street. A High Level pumping station with two 3-million gallon 
pumps was constructed on Cottingham Street, approximately 24 
miles north of the John Street station, for purposes of repumpage, and 
still exists in extended and modernized form. These improvements 
were completed in 1891. 

In 1892, sections of the conduit in the bay near the Island, rose to 
the surface in consequence of the pipe being emptied by the John 
Street pumps while blocked at the Island screens by weeds. In 1895 
further breakages occurred in supply conduits due to the accumula- 
tion in them of sand and other obstructions, coupled with the ex- 
tremely low water level then prevailing in Lake Ontario. Water 
had to be drawn from Blockhouse Bay at the Island for a few weeks. 
As an outcome of public unrest, James Mansergh, a noted English 
engineer, was retained to report upon the situation. After thorough 
examination into the several alternative sources of supply which had 
been suggested, he recommended the continuance of the existing 
source, Lake Ontario; the construction of a steel intake in place of the 
wooden stave pipe and the driving of a tunnel under the floor of 
Toronto Bay. By 1898, the 72-inch steel intake pipe, 2363 feet long, 
had been laid, extending 2220 feet from the shore. It was not until 
1905 that the tunnel was commenced, being completed in 1908. This 
tunnel is 5087 feet long, of horseshoe form, equivalent to a diameter of 
90 inches, the lower half being of concrete and the upper half a brick 
arch. 

Owing to pressure from insurance and commercial interests, a high 
pressure fire system serving the central business section of the City 
was completed in 1908. In the same year Allan Hazen was engaged 
to prepare plans for a filtration plant, the work being commenced the 
following year and completed in 1911. This slow-sand plant situated 
on Toronto Island has a normal capacity of 40 million Imperial gallons 
per day. It was found to be too small for increasing requirements. 
Including land, proportion of wharf, etc., it cost $943,522. 

In 1910, andearly in 1911, breakages occurred on the steel intake. 
The water supply was derived from basins and channels on the Island 
until a temporary intake was placed at the end of June. Meanwhile, 
the steel intake was reinforced with steel piling and concrete, for a 
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- capacities of the main or low level, and high level stations, respec- 


a 4 reserve pumping capacity at the low level station at John Street, © 
a. and extensions and alterations had to be seriously considered and _ 
2 et, promptly undertaken. The plant consisted of two separate boilerand 


distance of about 1200 feet from shore and by the end of August was 
again in commission. These frequent breakages and interruptions 
greatly unsettled the public mind. The quality of water during the 
early part of 1911 was not good and an outbreak of typhoid fever 
eventuated. Great concern was manifested. Many different pro- 
jects were advanced and a board of four independent consulting engi- 
neers was constituted. Their recommendations included the 
continuance of the present source of supply and the construction of a 
duplicate system with source at Scarboro Heights, about 9 miles to 
the east of the existing intake. 
The source at Scarboro Heights was chosen by the Board because 
of freedom from possible contamination, the general trend of the lake 
currents being from east to west. The City’s engineers were con- 
vinced that it was unnecessary to go so far east for a potable supply, 
having regard for facts demonstrated by investigation, and the fur- 
ther conclusion that filtration and chlorination would in any event 
have to be invoked. We recommended in 1913, that the intake and 
works should be located at or about the eastern City limit, which is 
6 miles from the existing intake and 3 miles west of the site recom- 
_mended by the board of consultants. The World War intervened 
and prevented further development of the duplicate system, but to 

cope with increasing demands, many improvements and extensions 
were made to the system. A second 72-inch steel intake was laid at 
a cost of $260,000, extending 2403 feet from shore and situated a short 
distance west of that constructed in 1898. This was placed in com- 
mission in February, 1913. An 84-inch steel conduit was placed 
across the Island to connect the Filtration Plant with the tunnel, this 

work being done during the period 1913-1916 at an outlay of $639,- 
532. Asecond filtration plant was built at the Island, having a nor- 
_mal capacity of 60 million Imperial gallons per day. This unit was 
partially used in 1916 and was placed in full operation in 1918. 
It is of the drifting sand mechanical type. It cost $1,203,036, includ- 
_ ing land, reservoir and wharf. A number of 36- and 42-inch feeder 
mains were installed in the distribution system, and the pumping 


tively, were greatly increased. Pe 
The water works system when I assumed charge in 1912, had no 
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pump rooms and the problem was to make the alterations without 
interrupting the supply. This was accomplished without cessation 
of service. ‘To operators, it may be of interest to know that, with the 
present equipment, we are pumping double the quantity of 1912, 
with no increase in staff. 

Intake trouble has been experienced only once since 1911. In 192] 
a break in the old intake was discovered, just south of where the sheet 
piling and concrete had been placed in 1912-1913. A temporary in- 
take mouth, which had been stocked against such a contingency, 
was at once fitted between the point of rupture and the shore line and 
the supply was not interrupted. Subsequently the pipes were recon- 
nected, and sheet piling and concrete was extended southerly a dis- 
tance of 545 feet. The intakes are inspected by divers at two-week 
intervals, when possible, throughout the year, in order that continuity 
of supply may be assured. Inspection is quite hazardous owing to 
exposure, ice conditions, ete. 
OF 
DESCRIPTION OF PRESENT SYSTEM 

A general description of the system may be of interest. The source 
of supply is approximately 2 miles south of the Royal York hotel, off 
thesouth shore of Toronto Island, where two 72-inch steel intakes ex- 
tendinto the lake 2220 feet and 2403 feet, respectively, the inlets being 
at depths of 42and79feet. The wateris pumped from the intake shore 
cribs to the filtration plant, where it is purified by the filtration proc- 
esses already referred to, and treated with chlorine. When the 
raw water is not susceptible to taste, a normal dose of chlorine suffi- 
cient to insure sterilization, is applied to the filtered water. When 
the raw water is susceptible to taste because of its chloro-phenol 
content, a system of “‘superchlorination”’ is employed, involving the 
use of larger quantities of chlorine and subsequent application of sul- 
phur dioxide to neutralize the residual chlorine content. 

In the slow sand filter plant (in use since 1912) there are 12 filter 
beds, each four-fifths of a acrein area. The drifting sand, or mechani- 


cal plant, (placed in complete operation in 1918) consists of 10 filters, 
each 50 feet in diameter. The pumping equipment consists of one 
steam pump of 50 million gallons daily capacity, and 7 electric pumps 
having a total capacity per diem of 193 million Imperial gallons. 
After filtration, the water flows to a clear water reservoir, and thence 
by gravity through 72- and 84-inch conduits, northerly across the 
Island to the south shaft of the Tunnel built under the Bay. The 
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tunnel connects with the main or low level pumping station situated © 
on the waterfront at the foot of John Street. At this station, de-— 
chlorination by the introduction of sulphur dioxide is carried out — 
when necessary. The pumping equipment consists of five steam = 
pumps, with a total daily capacity of 102 million Imperial gallons ee 1 
and six electric pumps of 110 million Imperial gallons rated daily _ 
output. 

From the low level station, water is pumped through the distribu- 
ting mains to the various sections of the City, and to the high level _ 
station, the excess pumpage flowing to the Rosehill Reservoir. This _ 
reservoir has a storage capacity of about 33 million Imperial gallons, 
and covers an area of 13 acres. Water is drawn from the reservoir 
at times of heaviest demand. The topography issuch thatitisneces- 
sary to divide the City into five pumping districts; district 1, com-— 
prising all that section of the City lying south of College, Carlton and | 
Gerrard Streets, being supplied direct from the low level station. _ 
The four upper level districts are supplied by means of repumpage ~ 
from the high level, Riverdale and East Toronto Stations. The _ 
minimum pressure in each district during period of maximun- de- 
mand, is approximately 35 pounds, with a maximum of about 75 | 
pounds according to elevation. 

At the high level pumping station there are 7 steam and 8 electric | 
pumps, the former having a capacity of 90 and the latter 66 million 
Imperial gallons. a 

Under normal conditions, the pumping equipment is electrically  __ 
driven, but a steam reserve under banked fires is maintained at both 
the main and high level stations. ; 

Two booster pumping stations, with two water towers, are main- 
tained to increase pressure in outlying districts. 

We are justly proud of the purity and clarity of Toronto water. a a 
Tests for purity are made hourly at the Department of Public Health | 
laboratory at the Filtration Plant, and at longer intervals from | 
samples taken from the City mains by the laboratory of that Depart- | 
ment at the City Hall. These show the water to be uniformly pure — 
and potable, as is evidenced by our typhoid death-rate, one of the 
lowest on the Continent. am 

We are fortunate in having a most efficient Department of Health | er 
presided over by Dr. C. J. Hastings, who has earned world-wide F aie 
recognition for his accomplishment in public health service. By _ 
stringent regulation and vigilant inspection of milk and food supplies, — 


‘TORONTO WATER WORKS SYSTEM 1615 
- 
| 


a 


coupled with a supply of water unexcelled in purity, the death rate 

from typhoid has been reduced to a point relatively negligible. In 
1912, the death rate from typhoid was 13.2 per 100,000 of population; 
in 1928, it was 0.9 per 100,000 and each of the latter cases was con- 
clusively proven to have originated outside the City. 

‘The dopebeisitad value of the water works plant as of December 31, 
1928, was approximately $19,000,000. 

There are 55 miles of pumping mains ranging in size from 16 to 42 
inches. Domestic mains, in sizes up to 12 inches, aggregate 631 miles. 
There are 134,853 water services, 7625 domestic pressure fire hydrants 
and 173 hydrants on the high pressure fire system. The stop or gate 
valves total 8383 and there are 299 check valves. In the early years 
of electrical operation of the pumps at the main or low level station, 
we had considerable trouble due to breakages of check valves in 
consequence of water ram caused by failures of electric power. Since 
the installation of large air chambers on each pumping main, this 
disability has vanished. 

The total amount of water pumped in 1928 was 27,271 million 
Imperial gallons, a daily average of 74.5 million Imperial gallons. 
Deducting the quantity supplied outside the City, 881 millions, 
which is a daily average of practically 2.4 millions, there was a net 
City consumption of 72.1 million gallons. Based on a population of 
585,628, this represents a per capita daily consumption in the City, 
of 123 Imperial gallons, which is the equivalent of 148 U. 8S. gallons. 
Forty-eight per cent of the water was repumped in 1928. In the 
sixteen-year period, 1912-1928, the average daily consumption has 
increased from 46.9 to 74.5 million Imperial gallons, an annual rate 
of increase of 2.9percent. The annual rate of population increase in 
the same period was 2.1 per cent. Our maximum consumption for 
one day was 96.99 million Imperial gallons, on June 8, 1925, an 
average of 177 Imperial gallons per capita per diem as of that date. 

Most of the large services, including those for manufacturing 
purposes, are metered, at the rate of 13.75 cents per thousand Impe- 
rial gallons, subject to a discount of 10 percent for prompt payment, 
or 12.4 cents net. Practically all of the water supplied outside the 
City is metered, either at the special rate of 20 cents per thousand 
Imperial gallons net, under agreement with the municipalities, or at 
33.75 cents net, to individual consumers. The great bulk of the 
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household services, are rated according to a sliding scale based on the 
number of rooms, occupants, taps, toilets, laundry, ete., all such 
being subject to a discount of 10 percent for prompt payment. The 
rates were raised in 1918 to meet adequately the increased cost of 
supply, consequent upon the extensive improvements which had 
been carried out. Since that time the system has been self-sustain- 
ing. The net surplus each year is consolidated with the ordinary 
revenue of the City, thereby reducing the general rate of taxation. 
Depreciation reserve is not set aside, capital improvements being 
financed by debenture issues on the credit of the City. When units 
wear out, new bond issues are made. This invariably occurs some 
time after the redemption date of the initial debenture. Our practice 
is in accordance with the special Water Works Act governing the 
system, but both the Finance Commissioner and I have urged 
that the net surplus should be applied to the financing of capital 
requirements. The system is exempt from taxation by Act of the 
Legislature. We do not furnish any “free service’’ either to the fire 
department or any other undertaking, municipal or otherwise. 
The value of the service rendered for “fire protection” was formerly 
computed at the flat rate of $30.00 per hydrant, which would aggre- 
gate about $227,000 per annum, with the present number of hydrants. 
In 1915, the hydrant charge was abolished, and instead a percentage 
of the total water works maintenance and debt charges has been 
annually applied. This percentage, which has varied between 
35 and 37 percent, is ascertained each year by a revaluation of the 
water works properties, plant, mains, etc., considered on the basis of 
two services, domestic and fire, being served by a combined system. 
The value determined for each item of property and plant is appor- 
tioned in varying ratios between the two services, in the proportion 
that it is considered that the relative demands of the two rendered 
the original investment necessary. An item may be rated 100 per- 
cent domestic, such as filtration, another 100 percent fire, such as 
hydrants, and other varying percentages on mains, etc. The ratio of 
the totals on account of installation of the separate services, deter- 
mines the percentage to be applied to the aggregate of charges for 
the combined system. For 1929 the percentage chargeable to fire 


protection was 35.9 percent. 
Water mains are laid under the following plans: (a) As a capital 
financed by ue; (b) as a revenue main financed 
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by the City and paid for by subsequent revenues from that particular 
main; (c) as a bond main financed by the City, the applicant furnish- 
ing a bond guaranteeing an annual payment equal to 10 percent of the 
prime cost, which payment continues until the revenue equals the 
guarantee; (d) as a local improvement financed by the City, the cost 
being assessed against the properties benefited on a foot frontage 
basis, in 10 annual installments, the City at large paying no portion 
thereof. 
The total expenditure on water works account in 1928 was $2,844,- 
416, of which sum the debt charges represent $1,264,117, or 44.5 
percent of the whole. 
The existing arrangement for the administration of the Water 
Works has been in vogue since 1893, various methods of control 
having been employed prior to that time, as hereinbefore indicated. 
The operation, works and property are under the control of the 
Commissioner of Works, and the collection of revenue, financing, etc., 
is under the direction of the Commissioner of Finance. The De- 
partment of Works’ organization for water works administration 
comprises three sections, functioning as follows: Water supply— 
charged with the construction and operation of intakes, filtration 
plant, pumping stations, reservoir, etc. Water main extension— 
controlling the construction and extension of mains. Water distribu- 
ticon—responsible for maintenance of mains, valves and hydrants, and 
installation and maintenance of water services, meters and street 
drinking fountains. In connection with the operations of the last- 
mentioned section, there is an efficient emergency service, two sta- 
tions being maintained with relays of men always on duty, having at 
their disposal motor trucks completely equipped for expeditious 
action, so that bursts and leaks or like emergencies may have prompt 
attention. A machine and test shop is also maintained as a unit of 


HIGH PRESSURE FIRE SYSTEM 


The high pressure fire system has been in operation since February, 
1909 and is financed as a fire department charge. There are 10 miles of 
mains serving 337 acres in the congested business section. The sys- 

tem is so designed that any pressure up to 300 pounds per square inch 
may be attained during fire periods. Normally a pressure of 100 
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pounds per square inch is automatically and continously maintained. 
The hydrants, of which there are 173, are tested to 700 pounds pres- 
sure. There are three steam turbine pumps located at the main or 
low level pumping station, having a combined daily capacity of 20 
million Imperial gallons. The water for the system is drawn from the 
Bay, and is entirely separated from the domestic supply. Since the 
original installation, the system has been once extended, an additional 
supply main has been laid and a third pump provided. 
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THE NEW TORONTO FILTRATION PLANT AND OTHER 


plying a demand averaged over all hours and seasons of 75 million 
gallons a day and a maximum at any time of 66 percent in excess of 
that amount. The reference herein to the gallon relates to the 
Imperial gallon which equals about one and one-fifth U. S. gallons. 

The extensions about to be carried out in accordance with the 
Acres-Gore report of May 15, 1926, provide for an ultimate additional 
supply of water of twice the existing supply and include intake, pump- 
ing, filtration and distribution systems among the largest on the 
Continent. 

The extensions are being designed so that construction work will 
be carried out in two stages providing in each stage for an additional 
average daily supply of 75 million gallons, but wherever it appears 
more economical to do so provision is made in the first construction 
for the complete scheme. Thus in the works about to be undertaken 
the intake tunnei, pumping stations, administration building, stores 
and supply building, main conduits, distribution feeders, reservoirs 
_ and tanks provision is made for an ultimate average daily supply of 
150 million gallons, while in the remainder of the works including 
the filters and coagulating tanks provision is made only for an 

average daily supply of 75 million gallons. 
__ The extensions are shown in their relation to the existing works in 

figure 1. The area of supply stretches along the northern shore of 
Lake Ontario a distance of about 10 miles and to the north a distance 
of about 8 miles measured from the existing filtration plants on 
- Toronto Island. The ground surfaces within the area of supply 
rise more or less gradually up country to a height of nearly 400 feet 


1 Presented before the Toronto Convention, June 26, 1929. 
Of Gore, Nasmith and Storrie, Consulting Engineers, Toronto, Canada. 


is 
The existing water supply system of the City of Toronto and dis- a 
trict covers an area of about 46 square miles. It is capable of sup- 3 
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NEW TORONTO FILTRATION PLANT 


above the lake level. The difficulties of maintaining the proper — 
. pressures in the service pipes therefore lies both in the loss of head by © 
friction in the pipes over the long distances traversed by the water _ 
and in the rising elevations of the ground surfaces, the more distant 
areas being at greater elevations. To meet this situation the water 
supply area hitherto has been divided into seven zones or districts __ 
with fairly uniform pressures in each. The new works are being __ 
~ laid out so as to reduce the number of districts to 5, one of which is - 
on Toronto Island and supplied directly from the existing filter — 
plants there. Districts 2, 5 and 5A will be merged to form one and 
the booster pumping stations at Riverdale in District 5 and at East _ 
- Toronto in Distriet 5A will cease to operate and there will be a general 
improvement in the pressure relationships throughout the areas of _ 
supply. The existing main pumping station at John Street will 
_ pump water into District 1 as at present, the water being supplied 
either from the existing filtration plants or from the new. Two > 
new high pressure pumping stations will be constructed, one at the — 
new filtration plant at the east end of the City at Victoria Park and 
the other at Sunnyside near the west end supplied by water by a low 
pressure tunnel from the new filtration plant, which tunnel also 
supplies the main pumping station at John Street. Both of these 
new pumping stations will pump into District 1 and the enlarged 
District 2. This includes the whole of the water supply except that 
of the Island as the remaining Districts 3 and 4 are to be fed by 
boosting the pressures from Nos. 1 or 2. The supply in District 1 
will be balanced as at present by the existing 30 million gallons 
Rosehill Service Reservoir and similarly the supply in the enlarged 
District 2 will be balanced by the St. Clair 50 million gallon service 
reservoir to be constructed immediately. A new overhead orna- 
mental tank to contain 300,000 gallons will balance the supply in 
District 3 and the existing standpipe in District 4 will be enlarged to 
form an overhead tank to contain 500,000 gallons which will balance 
the supply in that district. Districts 3 and 4 will be supplied with 
water from the high level booster pumping station at Cottingham 
Street as at present, drawing water from either of the two districts 
below. This pumping station in addition to the two new high level 
pumping stations can also supply the enlarged District 2 by drawing 
water from District 1 and will therefore also pump into the new 50 
million gallon service reservoir. Thus the new works will supply 
water directly or indirectly at both ends and towards the middle of 
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both districts Nos. 1 and 2. The balancing reservoirs are nearly in 
_ the middle of their districts in an east and west direction, but outside 
to the north to secure higher elevations than exists within the dis- 
—tricts. New high pressure feeder mains of 54-, 42-, 36- and 30-inch 
diameters of a total length of 153 miles will be constructed as well as 
the low pressure filtered water tunnel 7 feet in diameter to John 
_ Street Pumping Station and 6 feet in diameter in its continuation to— 
Sunnyside Pumping Station, a total length of 9} miles. 
oct 


INTAKE PIPES AND TUNNEL 


The new intake is to be constructed just outside the east end of the 
City and leads diagonally out from the shore into Lake Ontario. It 
consists of an intake tunnel 10 feet in diameter, concrete or gunite 
lined, 3,300 feet long and three 8 feet pipes bedded in concrete ex 
tending out into Lake Ontario a further distance of 4,250 feet more 
or less. Only one of these pipes will be constructed immediately. — 

The remaining two will be constructed as and when required and in ; 
the direction and length necessary to secure water as free from 
turbidity and pollution as possible, so as not to overload the filters — ae 
when operating at standard rates. The position of the inlet to the — sae 
first of the three intake pipes was determined after careful surveys _ 
had been made of the conditions to be met in the Lake due to con- _ 


drainage of a great city and the movements of the contaminated 3 
Lake waters due to wind driven currents. The site is where high | 
cliffs abut upon the Lake and where the land drainage except for a — 
very small area is away from the shore. The sewage contamination — 
in the Lake generally moves along shore under the influence of 
-_-variable winds, spreads east and west and gradually diffuses. It is’ 
naturally reduced the further you go outwards into the Lake and is" 
mostly under the control of the City. Great improvements in "a ie 
dealing with the wastes of the City are to be anticipated in the imme- . iz 
diate future. The prism of water between the new intake and the | 
shore is much greater than in the case of the existing intakes and oe 
3 surveys indicate much better qualities of the raw waters. The 
intake proper will be of the submerged type constructed of steel with _ 
ring ports of very large areas at a point in the Lake where the mini- _ 
mum depth of water is about 52 feet. 
_ The junction of the intake pipes with the intake tunnel is also 
submerged below the required minimum depth of 26 feet for shipping. 
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It consists of a closed shaft from the top of which the three steel 
pipes diverge. Each pipe is provided with a gatevalve which can 
be operated by a diver as and when required. 
_ VICTORIA PARK PUMPING STATION 

At the shore end of the intake tunnel a shaft will be constructed 
which leads up into the suction well of a low lift pumping station 
containing electrically driven centrifugal pumps. The water will 
be passed through revolving screens and a surge overflow will be 
provided. High lift pumps for the two districts will also be con- 
veniently grouped in the same building. Steam standby power is not 
being provided at this station. The hydro-electric power system 
from which power is to be taken is supplied by two power lines from 
Niagara and one from the Gatineau. The high pressure service 
reservoirs will contain 80 million gallons and the existing steam plant 
at John Street is capable of pumping at the rate of 102 million gallons 
per day, drawing water from the existing filtration plants which are 
provided with steam standby. Thus the risk of failure is well 


The low lift pumps will deliver the water by duplicate conduits to 
the filter plant placed on the high ground above the cliff at the waters 
edge. Atthestandard rate of 105 million gallons per acre per day the 
40 filters will deliver 200 million gallons per day. The filters will be 
of reinforced concrete placed in two rows on either side of a central 
gallery raised well above the filters. The filters are to bein two equal 
groups separated by a centre piece forming the main entrance. In 
this group are the administration offices, chemical and bacteriological 
laboratories, store rooms, men’s quarters, two overhead wash water 
tanks, wash water pump room, blower room, chlorine and sulphur 
dioxide store, super-chlorination room, elevators and lavatories. 
The whole of the centre piece together with one group of filters will 
be constructed at the present time. The finished plant is being — 
designed with a view to securing the highest efficiency in operation. 
The building of reinforced concrete faced with buff brick and 
coursed stone should be pleasing, lending itself to the unique nature 
of the site above a cliff overlooking Lake Ontario. The grounds will 
be suitably laid out and planted and provided with a protection wall 
and promenade at the waters edge. The principal floors of the 
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NEW TORONTO FILTRATION PLAN 


2 ill be laid to designs in terrazzo and a sparing use will be 
made of decorative marble in the main corridors and central octagonal — 


hall. In the latter will be provided master gauges and clocks and» 
_ signalling apparatus carried upon a neatly designed pedestal. The =: 
indicators will be such as to be clearly readable at distances up to — 
feet. 
_ The laboratories occupy the upper floor of the main entrance 
portion of the centre piece and provide an area of 2,000 square feet. 
They are to be fully equipped with the necessary apparatus and staff 
for controlling and directing the purification operations. In this 
- portion of the building are also the administration offices and store — 
rooms for light articles. An elevator as well as stairs are provided 
_ for reaching the various floors and for access to a covered way or 
tunnel to the pumping station which will be at a level of 60 feet 
lower than the main floor of the filter house. The tunnel and 
elevator shaft also provide space for the smaller pipes and conduits i 
passing between the pumping station and filter plant. ‘ 
The filter plant conforms very closely to the standard practice 
in mechanical filtration in which the water is treated with filter alum 


troy 


or other coagulating substances. These substances will be supplied — 
from dry feed machines in a separate group of buildings. In this ; 
building provision will also be made for machine and other shops, a ‘ 
garage and heavy stores. 4 
Mixing tanks for one-half hours treatment and settling tanks for 
two hours and 50 minutes are provided for the maximum rate of _ 
flow. In order to determine the proper treatment an extensive 3 
series of mixing experiments was carried out by Howard and Sander- | 
son at the existing works. It is possible that some form of colloider _ 
will be added which has been found recently elsewhere to be remark- — ans 
ably effective in securing settlement in the tanks where large quan- 
tities of floc would otherwise pass overintothe filters, = 8 


FILTERS 
a _ The filters, 40 in number, are each 68 feet by 35 feet 7 inches 
with a net sand area of 2103 square feet and filters slightly over 5 — 
million gallons daily at standard rates. The raw water conduits — 
and drains are at the extreme ends of the two rows of filters away 
from the gallery, while the wash water pipes and the filtered water 
channels are under the operating gallery. The underdrain system — 
ha designed to avoid shock due to changing velocities’ and rey 
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water. The orifices are 32-inch diameter of bronze, inclined down- 
_ wards at 45 degrees away from the current in the pipes. The orifices 
_. are placed on 1 foot centres each way in graded gravel the top layer 
of 6 inches being cemented. The sand will be 30 inches in depth and 
will have an effective size of about 0.5 millimeter and a uniformity 
coefficient of about 1.5. The wash water troughs will be of rein- 
_foreed concrete leading to a central main trough, = 
fod ot youd 
PURE WATER RESERVOIR 

A pure water reservoir of 12 million gallons will be placed under the 
a filters, but its use for balancing the supply and demand will be 
restricted owing to the provisions for super-chlorination and sub- 

- sequent dechlorination by sulphur dioxide. When such treatment is 
io being adopted the pure water reservoir is used to hold the water 
_ under treatment for a minimum period of one hour and 20 minutes 
and must be maintained full. The filter controllers are to be 
arranged arbitrarily either to operate at a fixed rate or with a fixed 
_ back pressure and a maximum demand. The reservoir is laid out 
with division walls so that the water can be circulated. The filtered 


b..ot. seb10 ab... 
FILTERED WATER TUNNEL 
Z j This tunnel will be 7 feet in diameter for a length of 30,993 feet 
_ from the filtration plant to the junction at John Street and 6 feet in 
_ diameter for a length of 18,198 feet from the junction point to Sunny- 
Bos Soe i side and 6 feet in diameter for a length of 638 feet along the short 
branch to the John Street Pumping Station. The tunnel will be 
: constructed wholly in the Lorraine shales with horizontal inverts 


4 about 100 feet below mean water level in Lake Ontario. Near John 


Street Pumping Station there will be a depression of 11 feet in the 
as i elevation of the tunnel in order that it may pass under the existing 
water works tunnel with a minimum distance of 25 feet between 
them. - The depression will extend over a distance of about 2800 
feet. Alternative bids are being asked for lining the tunnel either 


ao with concrete or gunite. The minimum cover of shale is estimated 


} ea) quantities and to provide at each orifice a uniform delivery of wash oe eae 
| 
| ai water will be collected, measured by venturi meters and treated with 
ee chlorine at the entry to the reservoir and will receive the sulphur 
. 
: ae dioxide a short distance before it reaches the outlet from whence it 
‘ re. _- passes by duplicate conduits to the high level pumping station and 
| 


to be about 25 feet, while the maximum is 
110 feet. The minimum cover exclusive of water is about 85 and 
the maximum 135 feet. 

In plan the tunnel will follow the mainland shore line and for the 
most part along highways or intended highways and very little private 
_ property will be entered. Eight permanent shafts are to be pro- 
_ vided. The maximum distance between any two is about 11,000 

feet. Two of these shafts, one at the termination of the short branch 

at John Street and the other at the terminal at Sunnyside will be 
provided with differential surge tanks 30 and 24 feet diameter 
respectively. The anticipated movements of the water in these 
interconnected surge tanks 33 miles apart form an intricate problem 
in hydraulics. The tunnels will provide for a delivery of 90 million 

gallons per day at the main pumping station at John Street and 50 

million gallons per day at Sunnyside, while in addition provision is 

being made to deliver 60 million gallons per day from the high lift 

pumping station at the filtration plant, making the total 200 million 
gallons per day to be delivered by the filters. 

The connection between the new tunnel and the existing pumping 

station at John Street has to be entirely independent of the existing 

_ supply as the two waters cannot be mixed prior to high lift pumping 


owing to the fact that the dechlorination by sulphur dioxide of the 
existing supply must be carried on in the suction channels of the high 
lift pumps at John Street. These pumps, however, have been laid 
out in two groups and it will be made possible for one group to draw 
from the existing sources and the other from the new. 


The new service reservoir will be 23 feet deep and will contain 
50,000,000 gallons in two equal compartments. The supply will 
enter one compartment and circulate through a distant opening 
between the two compartments and be afterwards withdrawn from 
the second compartment. This will secure a circulation and change 
of the water and is provided by specially designed reversed check 
valves on the two branches to the two compartments from a common 
54-inch steel pipe line coming up from the pipes in District 2 from 
the three pumping stations. 

The reservoir will be of reinforced concrete covered with earth. 
The pipes to the reservoir are laid through the embankments in a 
tunnel which terminates at the reservoir in a valve house and ven- 
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tilation shaft. The tunnel portal has been featured architecturally a 
and provides access both inside and out to the reservoir and grounds. ie 

Very extensive provision has been made for both surface and 
underground drainage so as to secure stability of the structures and 
embankments. The reservoir has been made to conform to extensive 
improvements in roads and bridges in the vicinity and the grounds 
are to be laid out and planted for use as a public park. 

To provide for contraction, joints in the walls and roof are made at 
distances not exceeding 60 feet. Water seals are provided in the 
joints by folded copper strips. In order to minimize the effects of 
initial contraction of the concrete and to prevent drying out the 
concrete, floors are to be placed after the walls and roofs are com- 
pleted and separation strips of poured bitumen will be provided 
between each portion and around all columns. 


ORNAMENTAL OVERHEAD TANK 


_ An overhead tank for District 3 will be placed at the site of the : 
service reservoir. This tank will contain at normal water level  __ 
300,000 gallons and will have a freeboard of 10 feet to cover variations 4 
in pumping pressure. The tank will be constructed of steel sur- ’ 
rounded with an ornamental casing of reinforced concrete faced with iq 
brick and coursed stone. 4 
The estimated cost of the works to be constructed immediately is 
$14,317,000. 


PERSONNEL of 993 foal 


The works are being carried out under the direction of R. C. Harris, 
Commissioner of Works, with G. G. Powellas Deputy. James Milne 
is in direct charge of waterworks, with A. U. Sanderson as assistant. 
H. G. Acres and Company, Limited, and Gore, Nasmith and Storrie 
are the Consulting Engineers. ‘ 
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Bs’ _ vately owned by the Walkerville Water Company, which servesfour _ 


OPERATING EXPERIENCES WITH A LARGE FILTER 
PLANT! 
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_ The purification plant operated by the Essex Border Utilities’ 
Commission has a nominal capacity of 21 million Imperial gallons 
per day. In one respect at least it is unusual, in that it is jointly 
owned by nine communities serving approximately 120,000 people. 
_ The capital costs were originally apportioned on the estimated a 
_ sumption of each municipality five years hence. The operating — 
- costs are based on the actual amount of water delivered to : 
municipality. This is determined by meter measurement. The ~ 
plant delivers water by gravity to two pumping stations, one pri- 


communities, the other the municipal plant of the City of Windsor, — i 
which serves the other five. Details of this ope have previously — 
INTAKE TROUBLES od 


been presented to this Association. 

The source of supply is in the Detroit River and is a typical Great bE : 
Lakes water. The initial source of possible trouble in any plant is 
naturally at the intake. Due to the constant movement of taxien, 
between the Candian and American shores, there is seldom an ice — 
cover over the intake which is located in 40 feet of water about 14. 
miles upstream from the ferry crossing. Under favorable conditions _ 
frazil ice develops which has adhered to the 8-foot bell mouth of al 
intake, causing partial or complete interruption of flow. Cate 


ne 


trouble was recognized, as it has occurred in other intakes along > ll < 

Detroit River. 
pressure could be applied to the intake in the belief that the ice which — % 
had formed at the mouth could be blown off. Frazil ice has ST: 
in this intake on three separate occasions in such quantities as to 


1 Presented before the Toronto Convention, June 26, 1929. 
2 Chief Engineer, Essex Border Utilities Commission, Windsor, Ont., Can. 
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cause almost complete interruption of service. In each instance, | 
immediate relief has been secured by reversing the flow in the intake. 
Large masses of ice conforming to the contour of the pipe would then 
come into the suction well. The average time required for the oper- 
ation is twenty-five minutes, during which period the reservoir is 
being drawn upon. 

Frazil ice did not appear during the past winter, although condi- 
tions, based on previous experience, were favorable for its formation. 
Continued cold, not common to this district, caused Lake St. Clair 
and the upper part of the Detroit River to freeze over and to remain 
covered with ice. This ice cover prevented the formation of frazil 
ice in that section of the river from which this supply is drawn. 

The water entering the suction wells is comparatively free from the 
larger debris such as tree limbs, submerged logs, leaves and weeds and | 
no great amount of these is removed by the revolving screens. Late 
in the autumn fairly heavy quantities of weeds find their way into’ 
the suction well. These are believed to be set free by the impellers of 
passing freighters. A half revolution per 8 hour shift is sufficient 


to keep them clean. 
ant 


APPLICATION OF CHEMICALS 


The coagulants, fed from dry feed machines, are applied to the 
water at the entry to the suction wells and are mixed by the turbulent 
action of the water in the wells, the passage through the low lift 
pumps and in the “over and under” type mixing chambers at the 
entrances to the coagulation basins. Sulphate of aluminia is the 
principal coagulant and the dosage is determined by the quantity and 
the quality of the turbidity in the raw water. The dosages applied 
generally range from a minimum of 0.6 to a maximum of 3.5, with 
an average dosage of 0.89 g.p.g. 

During the month of April, 1929, turbidities as high as 800 p.p.m. 
were recorded. The average for the month was 175, which is the 
highest monthly average noted since the opening of the plant three 
years ago. To reduce these turbidities to a maximum of 40 in the 
applied water and to maintain an effluent of less than 1.0 p.p.m. 
alum dosages from 20 to 80 percent in excess of the scheduled dosages 
were applied. During one twenty-four hour period it was necessary 
to apply 5 g.p.g. to a raw turbidity of 275 p.p.m. to produce a satis- 
factory effluent. 

These unusual turbidities are believed to arise from the high water 
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now prevailing in Lake St. Clair. Silt and sand have been accumulat- 
ng on the shores for years and these have been brought into sus- 
pension by the change in lake levels. Lake St. Clair is, relatively 
speaking, so shallow that even a moderate wind disturbs the entire 
lake body. 
and iron 
Ferrous sulphate and hydrated lime were introduced as coagulants 
in May, 1928, in an effort to increase the length of filter runs during 


EXPERIENCE WITH IRON AND LIME i ae 


sary to backwash filters every one and one-half hours as a result of 
the high plankton content of the raw water. This affected the qual- 
ity of the effluent and the delivering capacity of the plant to such an 
xtent that a remedy was sought to better plant operation during that 
period. 

Dosages ranging from 2.4 to 2.0 g.p.g. iron and 1.8 to 1.0 g.p.g. lime 
were fed and satisfactory results were obtained in all cases. The 
maximum dosage represented a cost 2.75 times that of the scheduled 
alum dosage while the minimum dosage cost 1.6 times as much. The 
lime and iron were fed separately from two dry feed machines ordina- 
rily used for lime. We learned by experience that they could not be 
fed from the same machine as in combination they formed sulphate 
of iron within the hopper. It was necessary to add small paddle 
wheels to the machine delivering lime to prevent arching over. Sul- 
phate of alumina cost $26.20, hydrated lime, $14.00 and sulphate of 
iron, $21.00 per ton, all delivered at the plant. 

During the period when lime an iron were employed as coagulants, 
the following conclusions were reached or results attained: 


(a) The service hours of the filters were extended to a minimum of 
ten hours. 

(b) The effluent did not suffer physically, having at all times less 
than 0.5 p.p.m. of turbidity. 

(c) The filter mat showed less signs of shrinkage and cracking than 
was observed during the “‘algae’’ period of 1927. 

(d) Lime and iron required approximately 15 percent more wash 
water per million gallons filtered than was required with alum, when 
length of run and turbidities were equal. 

(e) An increase in the turbidity of the raw water above 25 p.p.m. 
could be met with a decrease in the quantities of coagulants used. 
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1927, with sulphate of alumina as the coagulant, with that expe- 


maximum loss of head per hour with alum was 36 inches while with 
lime and iron this was reduced to 9 inches. 
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(f) The results obtained justified the added cost and the use of 
lime and iron in the “algae” period will be continued. 

It will be noted in figure 1 that the point of maximum settling 
with alum as the coagulant, occurs at the end of the second quarter 
over the distance travelled in the settling basins, while with lime 
and iron this point is reached just past the end of the first quarter. 
Figure 2 compares the loss of head in inches per hour during June, 


rienced in June, 1928, when lime and iron replaced alum. The 


Loss of Head - Feet 
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/ Cy Typical Loss of Head Curves 
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Typical loss of head curves obtained with the two coagulants are 
shown in figure 3. 

The relationship between the turbidity of the raw water and the 
applied dosages of alum is shown in figure 4. In the month of Decem- 
ber, the lines diverge due to the presence of very finely divided par- 
ticles in the raw water with a heavy increase in alum dosage. This 
followed directly the autumn turnover of the lakes. During Febru- 
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ary the water is so free of turbidity that it would be satisfactory with- 
out filtration. ‘ 

The period of retention in the coagulation basins ranges from one 
and one-half to four hours, depending upon the demand. The basins 
are cleaned twice yearly, following the spring algae period and again 
in the late autumn. Normal procedure permits the draining, clean- 
ing and refilling of a single basin in ten hours. 


Relation between Raw Water Turbidi 
and Applied Chemicals - Year 1928 
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MUDBALLS AND SAND BED SHRINKAGE 


Mudballs appeared shortly after the opening of the plant. On 
examination it was found that a large portion of them had formed with 
a cotton seed as the nucleus. This seed had apparently been in 
the car in which the filter sand was loaded. Others were flat or al- 
mond shaped. The former was found to a depth of 20 inches in the © 
sand, while the latter remained on the top of the bed. They were 
removed by fishing the beds with wire mesh scoops while wash water 
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was applied at a rate just sufficient to expand the sand. Their 
appearance was not noted again, to any extent, until November, 
1928, when, following a period of slimy turbidity, they were found in 
all beds. Extra backwashing and fishing with the wire mesh scoops 
kept them under control and they disappeared early in December. 

_ These formations have never been larger than a good sized bean and 
have been in evidence only twice in three years. 

_ Some shrinkage from the side and end walls has been observed. The 
average width of the crack is §-inch and it reached a depth of 2 to 3 
, inches. During the spring algae periods, this shrinkage increases 

and a maximum width of {-inch, with a depth of 6 inches, has been 

observed. A physical examination of the sand in every bed was 

_made in November, 1928. Samples were taken at four depths 
and the coating on the sand grains were determined from their spe- 

cific gravity. The curve used in these determinations was developed 

at the Detroit filtration plant where the specific gravity of the dry 
coating was found to be 2.0 The percentages of coating found are 
- shown in figure 5. The specific gravity of the dry clean sand is 2.65. 


PLANT DATA AND RESULTS 


A storage capacity of 2.3 m.g. is afforded in the clear well and reser- 
voir. This represents a supply sufficient to meet the demands 
of these communities for a maximum period of seven hours and a 
minimum, assuming a demand at a rate of 20 m.g.d., of two hours 
and fifty minutes. The reservoir is 11 feet deep and the minimum 
_ working level permitted is 9 feet 6 inches. The average depth main- 
tained is 10 feet 3 inches. 
a Raw turbidities have ranged from a minimum of 5 to a maximum 
of 800 p.p.m. The maximum monthly average in 1928 was 125 
and the average for the year was 30 p.p.m. The filtered water is 
checked for turbidity at least six times daily, using a Baylis tur- 
_ bidimeter. A maximum of 1.0 was present for a few days in 1928 in 
_ the effluent, while the average recorded was 0.3 p.p.m. 
The rate of flow through the filter beds is governed by three fac- 
_ tors: The demand upon the plant, the filtering efficiency of the beds 
and the filter maintenance program. A filter rate is maintained which 
will bring all beds into service during the peak hours of the day. 
~ Rates are not changed daily. The rates employed in 1928, expressed 
~ in terms of millions of Imperial gallons per, acre per day, range from 
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a minimum of 99.6 to a maximum of 118.5, with an average through- 
out the year of 112.07. 

Laboratory control is exercised over all operations in the plant. 
The raw and applied waters are examined for turbidity every two 
hours and the alum dosage changed as required. 


Percent Coating-Filter Sand Grains 
Dry Clean Sand Basis 
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Samples of raw and filtered water are collected 5 times daily for 
bacteriological analysis and colony counts are recorded which develop 
on agar plates at 37°C. in twenty-four hours. The average raw 
water developed 39 and the filtered water 6 colonies per cc., showing 
a removal of 85 percent B. coli-aerogenes isolations are made follow- 
ing “Standard Method” procedure, using lactose broth fermentation 
tubes and eosine methylene agar for confirmation. The results are 
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expressed in term of “Most probable number per 100 cc.” 
maximum B. coli content of the raw water has occurred in April, when 
117 colonies per 100 cc. were found. A minimum of 4.99 was recorded 
in June, while the average for 1928 was 50. The average number 
found in the filtered water was 1.59, with a maximum of 2.39 anda 
minimum of 0.98, with an average removal of 96.8 percent. 

Air and water temperatures are recorded every two hours and the 
wind direction is noted at these times. The velocity and direction of 
the wind have a definite bearing on raw water turbidities during the 
spring, summer and autumn seasons. It is thus possible to anticipate 
plant conditions some hours in advance. 

Early in 1929 daily examinations of the raw water were begun to 
determine plankton. content. It is expected that a relationship 
between these findings and the service hours of the filters will be 
ascertained when sufficient records are available for study. This will 
provide additional means of determining coagulant dosages. In the 
three months period in-which these examinations have been made, no 
members of the plankton families, not common in the Great Lakes 
water, have been identified. Microcystis (Cyanophyceae) appear 
frequently and represent from 20 to 50 percent of the total daily 
counts. 

Daily records are kept of every operation carried on in the various 
departments of the filtration plant. In the low lift pumping station 
the rate at which the raw water is being pumped to the coagulation 
basins and the total gallons pumped are recorded each hour. The 
total gallons of wash water delivered to the filter beds are also 
recorded. The power used by the various pumping units and the 
total power consumption of the plant is recorded once daily. The to- 
tal hours in service of every unit in the pumping station are logged 
on the daily report form. 

In the filter building all meters, loss of head and rate of flow gauges 
are read and recorded every hour. The depth of water in the filtered 
water reservoir is recorded hourly. These daily records are summar- 
ized each month and they in turn are built into an annual report. A 
plant diary provides a permanent record of items of ordinary or unus- 
ual interest and constitute a permanent plant history. All gauges 
and indicating or recording devices are kept in working order at all 
times and the utmost care is taken to ensure knowledge, if not control, 
of every operation attempted. One employee is constantly engaged 
on plant maintenance and it is rarely necessary to place any unit out 
of service except for inspection or maintenance. 
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The plant is electrically operated with power supplied by the 


Hydro Electric Power Commission of Ontario. The rates are $1.00 
per H.P. per month based on the peak load, 2} cents per kilowatt 
for the first fifty hours, 13 for the second fifty hours and 0.33 cent for 
all additional power. 
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Operating Costs -1928 
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- Operating costs, divided into five major divisions, i.e. salaries, 
power, overhead, coagulants and maintenance, totalled $12.58 per 
million gallons filtered. 

The average cost of coagulants per million gallons was $2.09, which 
included the added cost of lime and iron coagulation. During the 
period when lime and iron coagulation was employed, the average 
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cost per million gallons was $4.09. Alum coagulation during the bal- 
ance of the year represented an average charge of $.171 per million 
gallons filtered. 

Salaries represented $4.28 of this sum, power $2.74, overhead $2.33, 
coagulants $2.09 and maintenance $1.24. These costs are shown on 
figure 6. 

The operating staff includes a superintendent, a chief operating 
engineer, a chief filter operator, three operating engineers, two filter 
operators and a utility man. The lowest wage paid is 62} cents per 
hour. 

The total power consumption for 1928 was 1,455,000 kilowatt 
hour, costing an average of 0.82 cents per kilowatt hour. The pump- 
ing cost for power alone, exclusive of wash water, averages $2.55 per 
million gallons or 6.7 cents to raise one million gallon one foot. 

Overhead charges include supervision, rentals paid for use of rail- 
way right-of-way, taxes and insurance. A depreciation reserve of 
$3,000 is set aside annually to replace the heating system, motors 
and pumps which will need replacement within the thirty-year life of 
the debentures. 

Maintenance charges include the general upkeep of machinery, 
buildings and grounds and the purchase of miscellaneous supplies 
required in this work. The grounds are attractively maintained as 
water works plants should be. 

Acknowledgment is made to G. H. Strickland, plant superinten- 
dent, for much of the information contained in this paper. shiagos 
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The plant is electrically operated % nower 
_ COMPARATIVE DATA ON STEAM AND ELECTRIC 

PUMPING STATIONS! and 
By J. F. LaBoon? 

Electric power is becoming increasingly popular for pumping 
station use, and deservedly so, especially in localities where super- 
power is available. Electric driven units are low in first cost, 
convenient of operation, labor saving, and saving of space. Where 
power is available from at least two dependable sources to satisfy 
Underwriter requirements and reservoir storage is provided, motor 
driven pumps become even more desirable as fire insurance rates 
remain unaffected and economical operation is possible by maintain- 
ing the units at their rated capacities. However, if reservoir or 
standpipe storage is not available, thus necessitating pumping 
directly into the distribution system, motor driven centrifugal 
pumps become less efficient and consequently less desirable. This 
is in contrast to direct acting steam pumps which can be governed 
automatically to maintain pressure requirements at varying outputs 
without material sacrifice of efficiency. With conditions favorable 
to the use of motor driven units, the cost of power then comes into 
consideration. 

Comparisons of costs as between steam and electrically driven 
stations, including gas and oil where available at reasonable prices, 
are usually made in determining the most economical kind of power. 
A case in point is that of Wheeling, W. Va., where electric power 
supplanted steam, although coal was mined practically at the front 
door of the boiler house. The comparative costs of steam and 
electrical stations are given in table 1. 

The costs for the electrical station are taken from the records for 
the year 1928, while those for the steam station have been closely 
estimated. Production is assumed at 15 million gallons per day, 
although the station has a rated capacity of 20 million gallons per 
day, and the actual consumption for 1928 was 12.8 million gallons 


‘ Presented before the Toronto Convention, June 25,1929. 
2 Consulting Engineer, Pittsburgh, Pa. 
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TABLE 1 
Comparison of pumping costs at Wheeling, West Virginia 


Actual cost of electric station 


Railroad siding (proportioned).............. 


Estimated cost of steam station 


Engineering and 


Fixed charges and operating expenses for 15 m.g.d. production 


Electric station: 


Fixed charges—interest and depreciation.................-005: $23 , 000 
Power at $0.00859 per kilowatt 
Oil, maintenance, etc.............. wo 7,075 
Pumping cost. per million $20.80 

Fixed charges—interest and depreciation............. 
Estimated pumping cost per million gallons........ 
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$1,100 
Construction cost..... $282,724 
Engineering and 27,276 
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1928 
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1927 
12.7 
86.6 
12.5 
17.6 

14,635 
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16.1 

14,950 
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Percentage of time run 
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Nashville, Tenn.—Steam Station operating data 
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STEAM AND ELECTRIC 


PUMPING 


STATIONS 


per day. Steam pumping would cost 17 percent more per million 
gallons than electrical pumping according to this comparison. A 
comparison based on actual present day consumption would be even 
more favorable to electrical pumping. Power is furnished the city 
water works under a special municipal tariff based on a guaranteed 
load factor specified at the beginning of the year, which gives an 
average power cost of 8.59 mills per kilowatt hour. Slip ring motors 
were used in conjunction with a synchronous condenser to maintain 
unity power factor. 

Nashville, Tenn., has been rehabilitating its water works for the 
past seven years, placing into operation in September, 1927, a new 
boiler house, boilers and auxiliaries. Electrically driven pumps have 
been installed since 1926 to augment the pumping capacity. Table 
2 shows the results obtained under various conditions of steam pump- 
age, that is, with the old station operating a vertical triple expansion 
pump with one lift from the river to the storage reservoir; the 
improved pumping station with two horizontal uniflow engines 
operating vertical centrifugal pumps for low service, and a turbine 
driven centrifugal pump on high service; and later with the new 
boiler plant in operation. The motor driven centrifugal pumps are 
too recently installed to permit of any direct comparative data. 

It will be noted that the station duty dropped off with two stage 
pumpage with the uniflow and turbine driven centrifugals in opera- 
tion, but that this duty was materially improved upon installation 
of the modern boiler plant. Actual costs of operation have been 
omitted inasmuch as direct comparison of such costs with those of a 
similar plant might be productive of confusion, rather than good, 
since labor conditions and rates together with fixed charges vary with 
local conditions. Therefore, station duties instead have been given 
as a measure of economy. 

Some direct comparison, however, can be made between the Nash- 
ville, Tenn., and the Erie, Pa., plants inasmuch as both involve in 
many respects the same types of pumps and conditions. Table 3 
shows station duties and conditions of pumpage at Erie. In this 
case, too, it will be seen that economies were depressed as soon as 
the turbine driven centrifugal was put to protracted use, such as was 
the case in 1926 and 1927. 

In computing station duties, the motor driven units are not 
included. Their function in the table is to show the proportionate 
use that is made of the various pumps, ortypesof power. | 
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TABLE 3 
Erie, Pa.—Steam Station data — 
Percentage of water pumped > 
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The Erie plant offers some direct comparison between costs of 
steam and electric driven units inasmuch as a 12 million gallon motor 
driven high service unit was installed in 1925 to augment the vertical 
triple expansion and the rest of the direct acting steam units. Com- 
parative costs of steam and electric power pumping at the ment: 
station are shown in table 4. lo tHe qoiuq 


edt walls of 
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Erie, Pa.—Cost of operating high duty pumps, foot of Chestnut Street, for year 
ending December 31, 1927 


COST PER 
STEAM POWER ELECTRIC POWER: TOTAL MILLION 
GALLONS 
Superintendent, chief 
operator and clerk..... $3,910.43 $454.25 $4,364.68 | $0.496 
Operating labor.......... 7,640.64 883.42 8,524.06 0.970 
Steam for engines 5, 6,7.| 59,263.09 59 , 263.09 6,740 
Steam for miscellaneous 
equipment............. 3,885.18 204.49 4,089.67 0.465 
Electric power purchased 
Engine no. 8........... ; 29 , 239 .06 29 , 239 .06 3.326 
Lubricants and waste... . 415.14 0.70 415.84 0.047 
Electric light and power 
produced............... 1,280.11 67.39 1,347.50| 0.153 
Other supplies and 
scones 523.05 27 .52 550.57 0.063 
and maintenance: 
3,784.71 199.18 3,983.89 | 0.453 
Engines and attach- 
10, 234.37 311.02 10,545.39 1.200 
Miscellaneous equip- 
442.44 23.30 465.74 0.053 
Depreciation............. 12,776.57 2,842.68 15,619.25 1.777 
Total costs... suis... $104,155.73 | $34,253.01 | $138,408.74 | $15.743 
Head, in feet............. 257 .5 359 
Pumpage, in gallons...... 6, 837 , 339, 600}1 , 955, 030, 000/8 , 792, 369 , 600 oadide 
Foot pounds per dollar...| 140,902,300} 170,799,260 <0 er 


Average rate per kilowatt hour—0.99223 cent. 


In allocating charges for depreciation, the electric unit has been 
charged with the proportionate space it occupies in the station and 
labor required for operation. Power is purchased on a regular 
tariff basis. Electrical pumping in this case is justified by virtue of 
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its economy. The difference in heads is due to the use of the elec- 
trical unit on booster service head, but this difference has been wiped 
out by the installation of a new booster station. The impeller of the 
12 m.g.d. electrical unit has been cut back to permit of greater 
efficiencies at the reduced head under which the pump operates now. 
The pump was out of service for six months in 1928, pending the 
change in the impeller. Therefore, the pumpage by this unit was 
only 10 percent of the total during that year as shown in table 4. 


i 
TABLE 5 
Erie, Pa.—Cost of operating electric pumps, Booster Station, 26th and Sigsbee 
for year 1928 
Maintenance and repairs: 
Miscellaneous supplies and 162.49 
aqua 
_ Cost of boosting 1,901,445,500 gallons or 5.2 m.g.d. from low goait9axe 


service mains at 26th and Sigsbee to high service reservoir, — she akaieell 
Cost per million gallons eee 10.036 


Average rate of power per kilowatt hour—1.337 cents. 


A new booster station consisting of two 5 m.g.d. and one 8 m.g.d. 
motor driven units has been completed to relieve the head conditions 
at the old station. Thisstation has been in operation since December 
1927. 

Costs and economies are given in table 5 for the new booster station, 
electrically operated, for the year 1928. 

Power for this station is costlier than that for the electrical pump 
at the main station, and this coupled with low head pumpage, 
combine to reduce economies somewhat below those found for the 
12 m.g.d. unit at the main station. It is of interest to note that the 
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Water and steam piping..................... 9,300 

Engineering and 4,400 

Estimated cost of electrical equipment on 
6H.S. and L.S. pumps installed.................. $9,000 


Electric: 


Pumping costs at Fostoria, Ohio tk 


Actual cost of steam equipment 


Pump foundations and 8, 200 
Two (2) 3 m.g.d. engine driven L.S. 4,100 


Improvements to pump room................... 2,000 

Engineering and . 2,000 


Annual fixed charges and operating expenses—2 m.g.d. production TH 
‘Steam: 
Interest and depreciation......... Chan $4,000 


Koh 
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pew 16 m.g.d. pumping station and filtration plant now being 
designed for Erie, as an additional supply, will be electrically operated. 
In contrast to the trend towards electrical pumping units as exempli- 
fied in the preceding paragraphs, is the case of the pumping station 
at Fostoria, Ohio, where a study developed that it was more eco- 
nomical to install a cross-compound steam pump than an electrically 
driven centrifugal pump for high service. Table 6 gives the details 
of the comparison of costs as between steam and electrically driven 
pumping stations. 

Power costs were computed from the regular tariff in force at the 
time. No saving in labor can be made with electrically driven units 
since the steam plant including boilers and pumps has been operated 
by one man per shift. New boilers were installed in 1925, so there 
was no need of improvement in the boiler plant, and no charge is 
made on this account in the comparative statement. It is interesting 
to note in this case that the total cost per million gallons pumped with 
steam equipment was approximately one-half of that for the electrical 
equipment. The steam station improvements were finally installed. 

A few days ago the water department engineers of the City of 
Pittsburgh decided to electrify one of its largest stations, which will 
have a capacity of 80 million gallons per day. Current is estimated 
as costing 6.5 mills per kilowatt hour. 

While increasing use is being made of electrical power for actuating 
pumping machinery, fundamental principles still hold good and 
must be applied to every situation where the question of improving 
the pumping station comes up, in order that a sound decision may be 
made. 
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MECHANICAL DEVELOPMENTS IN WATER TREATMENT 


_ In the contemporary municipal and industrial water treatment 

practice, mechanical equipment is being used to a greater extent 
every year. The equipment offered to waterworks engineers is 
approaching standardization to an extent which permits a judicious 
selection of recognized machinery for carrying out the unit operations 
met to a lesser or greater degree in all water treatment plants. The 
infiltration of the unit process idea is widespread and almost any 
type of treatment may be broken up into a group of interconnected 
unit operations such as aeration, presedimentation, chemical coagu- 
lation and (or) chemical softening, sedimentation, filtration, chlorina- 
tion, etc. 

The present discussion will be confined to the unit operations of 
presedimentation, sedimentation, chemical softening and chemical 
coagulation in their relationship to each other, and to other unit 
operations in several typical flowsheets which have been found 
effective in three treatment problems frequently encountered. While 
these flowsheets have individually been discussed widely before by 

designers and operators of plants, they have not been discussed col- 
lectively in order to show their range of application and the consider- 
ations governing their selection in a given case. 

The mechanical equipment for carrying out these unit operations 
which we are qualified to discuss, are the Dorr Traction Clarifier and 
the Dorr Impeller Agitator. The Dorr Traction Clarifier, as shown 
in figure 1, is a continuously cleaned sedimentation basin which, 
when receiving as its feed raw or chemically dosed water introduced 
through submerged ports along the influent side, overflows continu- 
ously a clarified water across a weir at the effluent side opposite and 
discharges a thick sludge from a bottom connection. It operates con- 
tinuously, is never shut down for manual cleaning and duplicate or 


1 Presented before the Toronto Convention, June 28, 1929. c att as 
_ 2? Branch Manager, The Dorr Company, Toronto, Can. otk 
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stand-by units are not needed. The total tank contents are at all 
times available for detention purposes as sludge is removed at the 
of deposition. 

__ The old device which it displaces is the well known settling basin, 
rectangular in shape and constructed of concrete and masonry. The 
difficulties attending their operation and cleaning used to be regarded 
_as the necessary evils attending waterworks practice, for duplicate 
units and frequent cleanings were the order of the day lest the rapid 


= 


Fic. 1. Dorr Traction CLARIFIER AT Kansas City, Missouri 


accumulation of sludge interfere too greatly with the clarification 
effected. The picture of the large intermittently cleaned settling 
basin during cleaning shown in figure 2, while spectacular in view of 
its size, is representative of conditions found today in many parts of 
the country. As will be shown later, several of the cities which built 
these basins have installed Traction Clarifiers in their new water 
works. 

The Dorr Impeller Agitator was developed to satisfy the conditions 
prevailing in water treatment, that is, effective turnover of the raw 
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water to give homogeneity throughout but at a velocity at which 
flocs will form and build up rapidly. A cross section through such 
an agitator is shown in figure 3. A slowly revolving marine impeller 
in a cylindrical draft tube induces a gentle circulating motion of 
tank contents, upward through the tube and downward in the 
annular space surrounding it. A velocity between 0.5 and 1.5 feet 
per second is maintained as at this velocity floc builds up readily, yet 
does not settle on the tank bottom. In order to insure complete 


Fic. 2. Puain Setruine Basins or SLUDGE 


treatment of all the water with a minimum of short circuiting, two or 
three agitator tanks, arranged in series, are recommended. Vertical 
baffles, at right angles to the flow line between influent and effluent 
ports, and extending from the bottom. to slightly above the water 
level, minimize swirling and cause all of the water to pass through the 
draft tube several times. 

With this brief outline of the salient features of the Clarifier and 
Agitator, consideration may be given to the development of flowsheets 


for handling the following three common problems. 
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Character of raw water Treatment Chief unit operations 


tn 


Turbid and soft Clarification Coagulation 


(Plain sedimentation) 
Filtration 
2. Clear and hard Softening Softening 
Mechanical sedimentation 
Plain sedimentation 
Filtration 
q 3. Turbid and hard Clarification Mechanical poeeetianantn# 
Tm i Coagulation and softening 
| Softening Mechanical sedimentation 
_ nal Plain sedimentation 
Filtration 


e 4 These three types of treatment are well known. It is conserva- 
tively estimated that they cover 80 percent of the problems encoun- — 

tered in water works practice. Simple as they are, they have been — 
the subect of much study by the leaders in the development of mod- 
ern practice, as Hoover, McDonnell, Graf, Fleming. They have been 
instrumental in moulding practice in each case to a point where chem- 
ical and mechanical controls approach closely to perfection. Asthis — 
paper cannot attempt to deal with all phases of improved technique, : 
it will attempt simply to show the relationship of mechanical clari- 
fiers to each of these three common problems, quoting ae 
figures at typical installations insofar as possible. ; 


i Water containing excessive amounts of suspended solids, yet in 

other respects, such as hardness, suitable for domestic and industrial 
use, is found chiefly along the seaboard as distinguished from the € 
great hard water section in the mid-western and central portion _ 
of the country. Figure 4 shows diagrammatically and in simplified — 
form the unit operations which are generally found in — 
plants handling water of this character. 


or iron sulfate, and properly conditioned or coagulated in a series of 
agitation tanks in which mixing is maintained at a velocity suited 
to rapid flocculation. In the mechanical sedimentation tank the | 
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_ floe settles rapidly, yielding a clarified effluent from which the slight 
_ remaining turbidity may be readily removed on rapid sand filters, 
Chlorination after filtration may or may not be employed, depending 


The plant of the city of Lancaster, Pa., is typical of this form of 
_ treatment. Table 1 gives the salient features of the chemical treat- 
£ ment and the operating results of the mechanical clarifier. 
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Clear water, excessively hard, is a common occurrence in the great 
hard water section of the middle west and the southwest. 


tion is particularly prevalent in Ohio, Illinois and Michigan where 
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many modern softening plants are found. The type of weeheeniies: a 
used successfully for water of this character is shown in figure 4. 

The hard water is dosed with the correct amount of softening chem- 
icals, and the softening reaction and formation of flocs completed in 
the agitator tanks which follow. In the mechanical sedimentation 
basins the bulk of the floc is removed so that the duty on the plain — 
sedimentation tank is greatly reduced, thus minimizing sludge ac- 
cumulation and the need for frequent cleaning. The settled water is 
finally treated on rapid sand filters, preceded by carbonation and — 
followed by chlorination if local conditions make these additional | 
steps desirable. 

In the recently designed water softening plants for the cities of 
Fostoria, O., Bloomington, Ill. and Boca Raton, Fla., plain sedimen- 
tation tanks have been eliminated. Single stage eedinnandntion = 


+ j Treatment of turbid water savabred 
LANCASTER, PA. 

Size Dorr Traction Clarifier, feet................... 80 


mechanical clarifiers yields an effluent containing such a small amount — 
of suspended solids that final treatment on rapid sand filters is all that — 

is required. Such plants as these are 100 percent mechanically 
operated as far as sludge handling is concerned. 

Table 2 gives operating data at five representative waterwork 
handling hard water. The treatment in general follows the lines - 
laid down in figure 4. The raw water is clear in most cases as it 
comes from deep wells. The Dorr Clarifiers, which in each case 
remove the bulk of the floc ahead of plain settling basins, effect a 75 
to 98 percent removal of the precipitated solids, thus greatly reducing 


the duty on the subsequent equipment. 
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TABLE 2 


BEVERLY | HINSDALE, | NEWARK, GREEN- MIAMI, 
HILLS, CAL. ILL. oO. VILLE, O. FLA, 


Year installed 1928 1925 1922 1925 1925 

Chemical softeners used....| Lime— | Lime— | Lime, Lime— | Lime— 
alum soda soda alum, alum 
ash— soda 
alum ash 

Flow, m.g.d 6 1 10 
Size Dorr Clarifiers, feet... . 1-40 1-22 
Detention provided, min- 


42 
Clarifier feed: 
Alkalinity, p.p.m 
Soap hardness, p.p.m..... 445 
Clarifier overflow: 
Alkalinity, p.p.m 
Soap hardness, p.p.m..... 
Clarifier sludge: 
Water, percent 
Removal suspension 
solids, percent 93.5 98.5 


Treatment after mechanical clarification 


Beverly Hills, California: vod bohiverg 
1. Secondary alum coagulation 
2. Secondary sedimentation 1 bas 
3. Filtration 4] 
Hinsdale, linois: oq 

1. Secondary sedimentation = 


Newark, Ohio: bebnsqaia 
4. Chlorination i} rovig S sldsT 
Greenville, Ohio: en goilbaed 
Si es 1, Secondary sedimentation 
GY 8 Miami. Florida: Aiud odd 
bord 1. Secondary sedimentation = 
Water 2. Carbonation trienpeddwe dds so“ oat 
tion 3. Filtration and Mie! hare 
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AOD: 
_ That portion of the country which is drained by the Mississippi, 
Missouri, Arkansas and Red Rivers is noted for the high turbidity 
and moderate hardness of its water supply. These hard river waters 
contain turbidities ranging from 3000 to 10,000 p.p.m. Often for as 
long as a week the turbidity stays at 18,000 p.p.m. or higher, while 
for short periods turbidities of 40,000 p.p.m. have been observed. 
The difficulty of keeping non-mechanical sedimentation equipment 
in service under such conditions, may be visualized by considering 
the following. A turbidity of 10,000 p.p.m. is equivalent to 5830 
cubic feet of 80 percent moisture sludge per million gallons of water 
treated. With such an average turbidity, a sedimentation basin 
having a detention of twenty-four hours will be full of mud in 23 days, 
with twelve hours detention in 11.5 days and with six hours deten- 
tion in 5.7 days. 

The manual cleaning of settling basins in this section used to be a 
frequent and major operation, often requiring several weeks work 
and the use of a large number of tractors, motor vehicles and teams in 
addition to a large force of men. Nowhere, it is safe to say, has the 
mechanically cleaned sedimentation basin helped so greatly in water 
works practice. The approved layout for handling turbid hard 
water provides for mechanical presedimentation ahead of chemical 
treatment and secondary mechanical sedimentation following chemi- 
cal treatment as shown in figure 4. 

The highly turbid raw water enters the mechanically cleaned 
presedimentation basins depositing therein about 90 percent of sus- 
pended solids which are continuously discharged into the river. The 
presettled water is thereupon mixed with suitable softening chemi- 
cals, agitated at a velocity conducive to rapid flocculation and then 
resettled in the mechanically cleaned secondary sedimentation basins. 
The overflow from these, containing only a small amount of suspended 
material, is given a long detention in simple sedimentation tanks and 
filtered with or without prior carbonation and subsequent chlorination 
as the situation may require. 

With such an arrangement the difficulties attending the handling 
of highly turbid waters largely disappear. Practically all of the mud 
and precipitate is removed and disposed of-mechanically, thereby re- 
ducing the deposition in the final non-mechanical basins and filters to 
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insignificant volume. Presettling furthermore, by reason of the low 
turbidity effluent, results in smoother plant operation, simpler chemi- 
cal control, practically halves the cost of chemicals for coagulation 
and softening and reduces the cost of the water wasted with the 
sludge, as this water has not been given the expensive chemical 
treatment. Furthermore, the return of a portion of raw sludge to the 
influent channel of the presedimentation clarifier improves the rate of 
settlement, presumably through entrainment of fines. A similar 
recirculation of chemically treated sludge in the case of the secondary 
clarifier has been shown to accelerate the rate of softening, probably 


TABLE 3 lot, 
id Presedimentation tests at Jefferson City, Mo.—July 16-18, 1926 —— 
Average suspended solids in raw water................. 5,844 p.p.m. 4 
Type and size presedimentation unit................... Dorr Clarifier 25 feet 
diameter by 8 feet 
deep 
Detention provided in presedimentation unit........... 3 hours 
Average suspended solids in overflow from presedimenta- IUPSF 
Average removal of suspended solids................... 92.8 percent 
Type and quantity of chemicals added to presettled aidooent 
water: 
Tron sulfate (average 3.2 grains per gallon 
Secondary sedimentation unit.......................... 15 feet by 15 feet 
plain basin 
Average suspended solids in overflow from secondary fT 
Average removal of suspended solids.................. 91.5 percent 


due to a reduction in supersaturation or a catalytic speeding up of the 
reaction. 

The use of the mechanical clarifier for presettling turbid water is a 
comparatively recent development. Four cities—Kansas City, St. 
Louis, Jefferson City, Mo. and Edmonton, Alberta—with a com- 
bined flow of 200 m.g.d. have adopted Dorr Clarifiers for presettling, 
while St. Louis uses the clarifier for settling the chemically softened 
presettled water as well. In none of these cases are operating data 
available at the present time. 

_ Studies made at Jefferson City, Mo., in 1925 brought out on a semi- 
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; works scale the most important data bearing on presedimentation 
' practice. Operating results at Jefferson City during an eleven day 
run show the character of the results which should soon be obtained 
at the large installation referred to previously. These findings are 
| shown in table 3. 

Presedimentation of turbid waters before chemical treatments 
results in a great saving in chemicals as the chemical dosage increases 
with the concentration of solids. Runs made at Jefferson City, 
treating the raw river water without presettling, showed that the 
coagulants required for clarification could be reduced to approxi- 
mately one-half their former amount, if the raw water were first pre- 
settled for three hours. Fleming, ina paper on Preliminary Sedimen- 
tation and Basin Detention at St. Louis, read in January, 1927, before 
the American Water Works Association, showed that his studies indi- 

cated an annual saving of $53,313 in iron sulfate and lime through 
subjecting 80 m.g.d. of Missouri River water to three hours of preset- 
tling before the addition of chemicals. 

The three flowsheets discussed in this paper are not to be construed 
as panaceas for all problems, for each problem is different from all 
others in a greater or less degree and must be approached from the 
professional angle as a separate and distinct one. Nevertheless the 
flow sheets presented do indicate the general features of plants having 
to contend with three frequently encountered water conditions. 
They bring out the approved position of the mechanical clarifier with 
respect to other units in the layout. 

The elimination of the difficulties inherent in the operation of 
intermittently cleaned settling tanks has undoubtedly been a forward 
step at many waterworks recently built or remodeled. The inevita- 
ble change in practice has had the cumulative effect of reducing the 
cost of producing a unit of potable water through continuous 
operation under uniform conditions which are conducive to simpler 
mechanical and chemical controls. 
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- WATER-BORNE DISEASE EPIDEMICS ON SHIPS! 

By Isapor W. MENDELSOHN,? Louis ScHwWaRTZ,’ AND 

4 GrorGE H. FERGUSON 


a Improvements in transportation, in promoting public travel for 
business, tourist, and social purposes, increase the problems of the 
public health authorities, making it necessary continually to insti- 
tute more effective measures in discovering and stamping out 
promptly communicable disease outbreaks. 

In 1902 (1), 1909 (2), and 1911 (3), Surgeons Young and Cobb of 
the United States Public Health Service found the high typhoid 
fever incidence among Great Lakes seamen to be due to the use of 
polluted lake water for drinking and culinary purposes. In 1912 
(4), Surgeon Lumsden in his report on an outbreak on a Mississippi 
River excursion vessel, attributed the cause to polluted drinking 
water. Other water-borne disease outbreaks on ships have occurred 
since then in various sections of the country, as indicated in table 1. 

Because of these epidemics, the Interstate Quarantine Regulations 
of the United States were amended in 1913 to include the control of 
drinking water supplies aboard interstate carriers. In 1915 (9) and 
1916 (10), a study of drinking water conditions on Great Lakes 
vessels was made by the United States Public Health Service, as a 
result of which regulations were promulgated to insure safe ship 
drinking water supplies. With the entry of this country in the World 
War in 1917, the work was interrupted. It was not until 1921 (11) 
that this supervision was resumed. The country was divided into 
eight interstate sanitary districts (now reduced to five), each in 
charge of a sanitary engineer. The supervisory measures (12) 
included certification of water supplies ashore in codperation with 


ia Presented before the Toronto Convention, June 26, 1929. 


- 2 Associate Sanitary Engineer, United States Public Health Service, New 
York, N. Y. 

* Surgeon, United States Public Health Service, Washington, D. C. 

‘ Chief Engineer, Department of Pensions and National Health, Ottawa, 


Canada. 
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state departments of health, and certification of vessel drinking- 
culinary water supply systems (13), (14), (15), (including treatment 
apparatus where used) based upon inspections by the district 


personnel. 


The magnitude of the work involved can be approximated from the 
fact that in 1928 there were 300 vessel shore water supplies and 2460 


vessels. 
grid 


TABLE 1 


Control measures necessitated thorough inspection of the 


‘to eget 
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Water-borne disease epidemics on ships in the United States 
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Great Lakes steamer 
Detroit River 
Mississippi River 
Great Lakes 
Lake Erie 
Detroit River 
St. Mary’s River, 
Great Lakes 
inio 
Mississippi River 
1920, Mississippi River 
1920 Mississippi River 
Delaware River 
Hudson River 
Lake Erie 


1907 

August, 1912 
August, 1913 
August, 1913 
September, 1913 
June, 1915 


G. W. Hill (4) 
U.S. S. Gopher (5).... 


Rochester (7) 
South American (8).... 


Government dredge 


1920 5 
August, 1920 4 
November, 1926 7{ 1 


C. W. Morse (6) 
Lake Gaither 


* Note: The official reports of these investigations indicate the number of 
gastrointestinal cases to be at least 600 in each, besides an unknown number of 
cases of typhoid fever. 


piping systems and general sanitary conditions of vessels; elimination 
of all cross-connections between the drinking-culinary water system 
and the overboard water systems; prevention of contamination of 
the drinking-culinary water by proper storage of the filling hose, 
satisfactorily designed filling pipes and manhole covers to storage 
tanks, removal of toilet and waste pipes from drinking water storage 
tanks, elimination of lead piping in the distribution system, and 


WATER-BORNE DISEASE EPIDEMICS ON SHIPS 

- 

2 

a 

4 

- 

ay 


separation of ice from water in coolers; continuous and efficient 
operation of stills, ultra-violet ray sterilizers, chlorometers, and 
filters on more than 500 boats taking their water from the Great 
Lakes and over 100 vessels taking their water from the Mississippi 
and Ohio Rivers; removal of overboard water supplies used in the 
preparation of foods from galleys and pantries; and prevention of 
use of impure water for drinking by mistake through removal of 
taps or posting of suitable warning signs. These control measures 
now extend to shipbuilding companies so that plans for drinking 
water systems are reviewed for approval prior to the launching of the 
ships. 

Another phase of this sanitary control of vessels concerned their. _ 
disposal of sewage, particularly on the Great Lakes (16). It wasnot _ 
until January, 1914, when the Progress Report of the International 
Joint Commission on the Pollution of Boundary Waters was pub- 
lished, that the seriousness of pollution of the Great Lakes by vessels 
was appreciated. Vessel sewage was considered next in importance to 
municipal sewage as a factor in the pollution of the boundary waters. 
Extensive series of analyses made in 1913 showed that the unrestricted 
discharge of sewage from vessels: (1) Menaced the water supply for 
summer residents and pleasure boats in St. Mary’s River, lower end 
of Lake Huron, Lake St. Claire, and about the Thousand Islands; and 
(2) seriously polluted the waters in the lanes of vessel travel. In the 
Final Report of the International Joint: Commission issued in 1918, 
one of the conclusions was that ‘“‘vessel pollution in certain parts of 
boundary waters exists to an extent which causes substantial injury 
to health and property.”” The Commission recommended disinfec- 
tion of vessel sewage before discharge. In accord with this recom- 
mendation, the United States Public Health Service made experi- 
ments showing the feasibility of steam disinfection (17) of vessel 


sewage before discharge. A practical test of an automatic apparatus | 4 


designed for this purpose and carried out through two complete 
seasons upon the lake 8. 8. D. C. Kerr met with success both as to 
mechanical operation and bacteriological efficiency. The installation 
of this apparatus was quite inexpensive. 

In 1921, arrangements were completed with companies at Cleve- 
land to lock all public toilets on their vessels approaching and leaving 
the harbor until they were at least three miles from waterworks 

ng beaches, and to change the course of certain 
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vessels to take them farther from the bathing beaches. In 1926, 
largely through the efforts of the Division of Water Safety Control of 
the Chicago Department of Public Works, shipping officials arranged 
to lock all toilets aboard vessels while in the Chicago harbor and the 
vicinity of the intakes and beaches. Many of the passenger vessels 
installed sewage retention tanks and hypochlorite filters for sterilizing 
the sewage effluent. At other lake ports, such as Milwaukee, 
Detroit and Duluth, the pollution resulting from municipal sewage 
was considerably greater than that from the vessels, so that regulation 
of vessel sewage would not be of advantage until the city sewage 
was disposed of more satisfactorily. In the future the problem of 
pollution of the lakes by vessels will become more serious with the 
opening of the lake ports toforeign shipping, = alii’? 


Typhoid fever cases among seamen on American ue on the Greal Lakes 
hospitalized since 1915 


NAVIGATION SEASON NAVIGATION SEASON 


1915 1922 
1916 1923 


“sition 1924 
1925 
tay, 1919 1926 
is 1920 1927 
mort 1921 1928 


* Includes cases in outbreak aboard 8.8. Lake Gaither. 


The effect of this vessel supervision has been decisive in that but 
one waterborne disease outbreak has occurred on a vessel since 1921, 
and the incidence of typhoid fever and dysentery in seamen has 
been reduced materially. In illustration of the latter fact, table 2 
is presented: 

This supervision has been fruitful in other ways. General sanitary 
conditions aboard passenger and freight vessels prior to 1915 were 
unsatisfactory. Subsequently, attention has been directed to crew’s 
living quarters, food storage and preparation facilities, passenger 
quarters, etc., with the result that considerable improvement has 
been 
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WATER-BORNE DISEASE OUTBREAK ON THE 6S. 8. “LAKE GAITHER’’ 


As previously mentioned, there has been but one outbreak of 
water-borne disease on an American vessel operating in interstate 
traffic since 1921. This case was on the 8. 8. Lake Gaither which was 
a United States Shipping Board vessel of 2689 gross tonnage and 
crew of 29. It was bought by the Western Reserve Navigation 
Company of Cleveland, Ohio, and operated early in 1926 in coastwise 
and foreign service from Atlantic Coast seaports such as New York, 
Philadelphia, Baltimore, Newport News, Norfolk, Miami, Tampa 
and St. Petersburg. Water for drinking-culinary purposes aboard 
the vessel while in this service was obtained from approved shore 
suplies. 

While loading her first cargo for the Great Lakes, the manager of 
the company wrote a letter dated May 24, 1926, to the captain and 
chief engineer, instructing them, in accordance with the Interstate 
Quarantine Regulations of the United States with which the company ~ 
was familiar as applying for several years in the past to their passen- 
ger vessel on the Great Lakes, to fill drinking water tanks from shore 
supplies wherever possible; and, if it was necessary to take lake water 
for this purpose, to have the water treated in the still aboard. The 
still was supplied by a pump with a sea suction. The Lake Gaither 
made several trips to the Great Lakes in 1926 before the one referred 
to in this account. 

On October 9, 1926, the Lake Gaither arrived at Montreal from 
Rotterdam, having proceeded from Buffalo to Rotterdam about 
three months before. Seven of the crew were discharged and seven 
were signed on in their place. The vessel then left for Detroit 
through Canadian waters. Water was taken from overboard in 
Lakes Ontario and Erie (the latter on October 14, 1926) through a 
seacock and suction pipe to a pump and forced through a canvas hose 
hook-up with a water plug connection flush with the boat deck to 
the two fresh water tanks holding approximately 12 tons each 
(equivalent to 3,000 gallons each). This water was used untreated 
for all domestic purposes aboard. 

The vessel docked at Detroit on October 14. While at Detroit 
from this date till November 1, the fresh water tanks were filled with 
water from the city supply by hose connection with hydrants on the 
docks. Nine of the crew, including the cook, were discharged at 
Detroit, and, by October 25, nine new men inéluding two cooks 
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were signed on. A new captain and a new chief engineer were also 
-takenon. The vessel loaded automobiles for Santos, Brazil. 


On November 1, 1926, the ship left Detroit for Toronto, proceeding 


again in Canadian waters. Water from Lake Erie was pumped into 

the fresh water tanks on the same day, a few hours out of Detroit 

~ harbor. At this point Lake Erie is heavily polluted with sewage 
from cities bordering the lake and from vessels. 

There were no cases of illness aboard the vessel until she left 
Detroit. Diarrhea broke out among the crew, the first case about 
November 1. On November 6, one of the men, an oiler, hired at 
Montreal on October 9, was laid up in bed. He was hospitalized for 

typhoid fever at Toronto on November 8, upon the ship’s arrival. 

On the 7th, another member of the crew, a fireman hired at Detroit 

on October 21, was laid up and was hospitalized for typhoid fever at 

Toronto on November 9. On the 9th, a messroom boy, hired at 

Detroit on October 21, became ill and was hospitalized for typhoid 

fever on the 10th at Toronto. At Toronto, automobiles were loaded 

on the vessel and water for drinking-culinary purposes was taken 
from the city supply in pails. 

On the 16th, a sample of the drinking water was collected by the 
Health Department Laboratory at Toronto. Upon analysis it was 
found to contain B. coli in 10 cc. portions, with a count of 1040 
colonies. Immediately upon receipt of information from the Chief 
Medical Officer of Health of Toronto of the hospitalization of three 
members of the crew with typhoid fever, Chief Engineer Ferguson of 
the Canadian Health Department telegraphed the facts to Associate 
Sanitary Engineer Mendelsohn in charge of Interstate Sanitary 
District No. 3 at Chicago. Because of other pressing duties at the 
time, the latter replied by telegraph requesting the codperation of the 
Canadian Health Department in making an investigation of the 
outbreak. Dr. Amyot, Deputy Minister of the Canadian Depart- 
ment of Health, detailed Chief Engineer Ferguson to make the 
investigation and requested the codperation of Surgeon Schwartz 
stationed at Montreal. 

The Lake Gaither left Toronto on November 17 and arrived at 
Montreal on the 26th, proceeding in Canadian waters. On the 
20th, another member of the crew who was hired at Buffalo on July 
10, 1926, became ill and was hospitalized for typhoid fever at Mon- 
treal on the 25th. He died on December 3. On the 23rd, a seaman 
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hired on October 30 at Detroit became ill and was hospitalized for 
typhoid fever on the 25th. 

Immediately upon arrival at Montreal, the vessel was boarded by 
Surgeon Schwartz and Engineer Ferguson. Dr. Schwartz investi- 
gated the outbreak of the disease, obtaining information from the 
captain, supercargo, and chief steward, and directed the hospitaliza- 
tion of the two men at Montreal. Engineer Ferguson investigated 
the water supply system, obtaining data from the assistant engineer, 
the captain and purser. Water samples were collected and analyzed 
at the Canadian Department of Health Laboratory on the 26th. 
On November 28th, another seaman was hospitalized for typhoid 
fever at Montreal, andonthe 29th, stillanother. = 


de TABLE 3 
p Uk Occurrence of typhoid fever cases on S. S. Lake Gaither in 1926 


AGE esl DATE OF ONSET | 
BER Date Place DETROIT 

1 23 Oiler October 9 Montreal | November 6 5 


aa 38 Fireman | October 21 Detroit November 7 6 
ig 3 22 Messboy | October 21 Detroit November 9 8 
 4* 26 July 10 Buffalo November 20 19 
45 Seaman October 30 | Detroit November 23 22 
log Seaman | November 28 27 
Seaman to 2 Alle November 29 28 


* Died on December 3, 1926. 


OF SICKNESS AMONG THE CREW 

Between November 1 and 10, 14 of the crew had diarrhea, besides 
those who went to bed. The others, including one of the cooks, had 
no diarrhea. None of the crew gave a history of having had typhoid 
fever or any serious illness except the two cooks. One admitted 
having typhoid fever about 25 years before. He had diarrhea at 
the same time the other members of the crew had it. He was a cook 
on the S. 8. Canadiana for four years previous to signing on the 
Lake Gaither, and in this period there was no illness on the Canadiana. 
The other cook signed at Detroit on October 25. He gave the history 
of being in a hospital at Detroit in 1920 from May 18 to June 10 
with what was diagnosed as pneumonia, and of being sick for two 
weeks after his discharge from the hospital. Previous to signing on 
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the ship, he was a cook in a restaurant and did not know of any case > 
of illness developing among those eating there. n 


HISTORY OF FOOD SUPPLY 


No shellfish other than canned clams were served to the crew. | 
Only canned milk was used aboard. Fresh vegetables were obtained _ 
in Detroit while the ship was at dock. sities: . 


HISTORY OF THE DRINKING WATER SUPPLY 


The two fresh water tanks previously mentioned had been scrubbed 
and cleaned in Buffalo before sailing for Rotterdam. In filling these 
tanks with city water from approved shore supplies, a hose was 
connected with the deck plug. These tanks were connected with a 
200 gallon tank receiving distilled water from the still when the latter 
was in operation. In this manner, water from the two fresh water — 
tanks could be turned into the distilled water tank without passing 
through the still. The still was not operated on the Great Lakes 
trip in question, nor on the preceding trip. 

The mate filled the two fresh water tanks with raw lake water 
acting under the direction of the master of the ship. The captain 
believed that the still on the vessel was continually in operation, and 
that these tanks were the source, as in the case of a good many lake 
steamers, from which water was pumped to the still, after which the 
distilled water flowed by gravity to the drinking water tank (scuttle- 
butt) and faucets. He did not make the necessary effort to learn 
just how the drinking water system was installed on the steamer. 
Neither the chief engineer of the vessel nor any of his crew knew of 
water being pumped from the lakes into the two tanks, it being their 
understanding that the deck department obtained the water from 
approved shore supplies only. 

Samples of water were collected from (1) the crew’s drinking water 
tap on the main deck; (2) tap in engine room on drinking water 
system; and (3) tap in engine room on engine cooling system (water 
directly from overboard). The analyses of these were carried 
through the completed tests for the Coli-Aerogenes group and gave 
the following results: (1) 13,600 colonies per cubic centimeter and B. 
aerogenes; (2) 12,640 colonies per cubic centimeter and B. coli 
communior; and (3) B. coll communis. 
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ee ACTION TAKEN TO PREVENT SPREAD OF DISEASE 


Dr. Schwartz and Engineer Ferguson advised the captain to 
empty the drinking water tanks, scrub them and the other containers 
with bleaching powder, flush them out with city water, and refill 
them with city water. They recommended further that (1) the 
well members of the crew be sent to the Montreal General Hospital 
to receive immunizing doses of typhoid vaccine; (2) the two cooks 
report at this hospital for examination as possible typhoid fever 
carriers; and (3) the crew’s quarters where the sick had been be 
thoroughly cleaned and scrubbed with bleaching powder. The 
tanks were immediately emptied and cleaned, and 21 members of the 
crew received doses of typhoid vaccine, a few receiving second and 
third doses. The two cooks failed to report for examination and it 


ANALYSIS OF EPIDEMIOLOGICAL DATA — 


- The history of the food supply seems negative, although the fresh 
vegetables bought in Detroit might be regarded with some suspicion. 
The history of the cooks as to being carriers also seems suggestive, 
as the typhoid fever cases developed after their signing on, the first 
case eleven days after. The absence of complete information on the 
one cook who had typhoid fever 25 years previous and the other cook 
who gave no history of typhoid or of any illness other than pneumonia 
5 years before, other than that no cases developed subsequent to 
November 30, although the cooks remained aboard, makes it difficult 
to hold them responsible as carriers of typhoid. 

The history of the water supply is suggestive, raw water from Lake 
Erie having been pumped into the tanks on October 14 and November 
1 at points receiving considerable sewage. It seems to have been the 
practice of the officers to obtain drinking-cooking water frequently, 
either by pumping from overboard or from ashore, as the storage 
tank capacity was sufficient for 15 to 20 days supply normally. 
There can be little doubt that some of the lake water pumped October 
14 was in the drinking-cooking water tanks while the vessel was at 
Detroit, and possibly for some time after. The quantity of lake 
water pumped most likely was diluted considerably with the water 
obtained from the Montreal public supply. This may account for 
the fact that the first cases of diarrhea of record began November 1, 
18 days after Lake Erie water was pumped, and the first case of 


was found impossible to compel them to do so. iru Dott 


— (signed on in Montreal, October 9) went to bed on November 
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ber 7 in a man signed on at Detroit on October 21, 7 days after 
Lake Erie water first was pumped. The third case developed — 
November 9 in another seaman signed on at Detroit on October 21. 
The fourth case did not develop until November 20, 19 days after 
the second pumping of Lake Erie water. The lapse of time between ars 
the occurrence of the third and fourth cases may be due to dilution __ 
of the original lake water pumped and subsequent reinfection with 
polluted lake water pumped after leaving Detroit. The occurrence 
of the latter cases indicates infection from the lake water pumped 
November 1. Diarrhea was present among the crew during the 
occurrence of the typhoid cases. It was found that those who first 
had the diarrhea and recovered did not have recurrent attacks, each ~ 
additional case occurring in a new patient. 
It is a well known fact (18) that ina water-borne outbreak of typhoid | 
fever there is also a large number of cases of diarrhea and gastro-— 
intestinal disturbances in. which the precise etiological factor has not 
been discovered. Some of these cases may be mild instances of 
typhoid fever occurring in relatively immune people. So, in this 
instance, it is not unlikely that among the 14 cases of diarrhea which © 
occurred on the ship there were mild cases of typhoid fever. There _ ‘ 
was no follow-up record of the 9 seamen who were discharged at 
Detroit, but it is known that two engineers of the company who 
worked on the vessel at Detroit developed similar illnesses lasting for _ 
about a month, shortly after returning to their homes in Cleveland. 
There were no cases after the tanks were emptied, cleaned, and 
refilled with good water. The analyses of the water confirm the 
impurity of the lake water pumped. In view of these data, the ~ 
outbreak is attributed to the use of impure lake water for drinking 


LATER DEVELOPMENTS 


In January, 1927, an effort was made to institute civil and possibly — 
criminal action against the responsible officers of the vessel and the ~ 
company. The Local Inspectors of the United States Steamboat — 
Inspection Service at Cleveland, Ohio, held an extended hearing 
in which considerable information was obtained. However, the 
evidence was not sufficiently complete to warrant successful court | 
proceedings by the United States Attorney. No civil suits (8) were — 
instituted against the company by any of the sufferers. On May — 
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9, 1927, the vessel was auctioned off to settle sundry attachments, 
and is at present engaged in commerce on the Atlantic Ocean. 
The outbreak is noteworthy on three counts, namely, (1) the 
study indicated the use of polluted lake water for drinking and 
culinary purposes as the cause; (2) there was a lack of codperation 
between the captain and chief engineer as to the supply of drinking- 
culinary water, and inadequate knowledge of the water system by 
the captain; and (3) the spread of the disease was controlled quickly 
and effectively through codperation with the Canadian Federal 
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DISCUSSION 


JoEL I. Connoutiy:> This paper has given a very interesting 
account emphasizing again the great necessity for care in handling 
water supplies where more than one water supply is available. In 
their homes and offices the great majority of people have but one 
water supply, and the possibility of its contamination does not occur 
to them. On a lake vessel the existence of an inexhaustible supply 
of water overboard, and of seacocks and pumps for making it easily 
available, constitutes a threat to the safety of the water supply | 
used for drinking purposes, especially where, as in the case of the © 
steamship ‘Lake Gaither,” a cross-connection exists between the 
raw water and the distilled water tanks by means of which raw water 
could be bypassed around the still and enter the scuttle-butt and 
drinking water faucets. sd 

A cross-connection of this character should not be permitted a 
any time, but its danger becomes accentuated when coupled with — 
lack of codperation between the deck and the engineering depart- 
ments of the vessel. The responsibility of vessel captains for know- 
ing the conditions of their water supply systems must be constantly 
stressed if repetitions of such epidemics are to be avoided. In addi- 
tion, education of the crew to use the treated water must be carried 
on constantly. 

A conversation with the chief engineer of a tow-boat on the Ohio 
River several years ago is recalled. I met the chief engineer of this 
boat aboard the vessel and inquired as to the condition of his water 
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still for treating the river water to make it suitable for drinking 
purposes. He replied “It’s working fine—you know I drink that 
water myself now.’’ I replied “I am glad that you are—haven’t 
you been up tonow?”’ “Oh, no, I never used to drink that distilled 
water; all we used it for was to wash our clothes because it is soft, 
‘But the other day I was sitting on the bank just below that sewer,” 
(indicating a nearby sewer outfall, with his finger) “and I got to 
thinking that I was drinking a lot of that stuff that came out of the 
sewer, so I decided to drink the distilled water.” 

The water still has been aboard that boat for several years, but 
he and other members of the crew had continued to drink the raw 
river water and it was only the revulsion against the idea of drinking 
sewage that caused him to change, instead of a proper realization of 
the danger to his health. 

Cross-connections on those river boats were the rule rather than 
the exception ten years ago and many of these vessels had four 
distinct characters of water supply. For instance, there was the raw 
water used for washing decks and fire protection; there was river 
water filtered, usually by a stone filter, used for washing purposes in 
the staterooms, which was unsafe to drink because of the low 
bacteriological efficiency of the filters in removing disease germs; 
there was the hot water supply from the boilers used in the kitchen 
for washing dishes, and the distilled water for drinking and culinary 
purposes. 

Unknown to many water-works officials there exists a similar 
condition in many of the most modern hospitals. There are three 
water supplies almost invariably cross-connected in such a way as to 
permit their mixing together. There is the public water supply of a 
character safe for drinking purposes, but not sterile and therefore 
unsuitable for surgical use; there is the sterilized water provided for 
use in the operating room, and the distilled water supply for labora- 
tory and sometimes surgical use. The condition of frequent cross- 
connections found a decade ago on many steamboats exists today in 
hospitals in the cross-connections of these three water supplies, to 
which attention was directed by Dr. Arnold H. Kegel, commissioner 
of health of Chicagoa yearago. In addition to being cross-connected 
to each other these water supplies are frequently so connected to the 
waste lines as to permit their pollution by sewage. Submerged 
inlets to sterilizers, direct connections from cooling coils in water 
stills and sterilizers to the waste pipes, and by-passes around the 
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sterilizing apparatus similar to the by-pass around the water still on 
the ‘‘Lake Gaither’ all menace the safety of the drinking water 
supply and of the patients upon whom operations are performed. 

Many cases have been found where sewage could find its way 
directly into the sterile water taps in the operating room, or into the 
baby’s nursery in the obstetrical wards of hospitals. Less than two 
weeks ago the writer, in testing a vacuum breaker intended to be 
used with flushometer valves to prevent siphoning of fixture contents 
back into the water supply pipes, found that it was possible, in spite 
of this protective device, to siphon carbol-fuchsin dye out of a bed- 
pan washer in a hospital and recover the dye at the faucets in the 
sink in the utility room on a lower floor. 

This cross-connection through the flushometer valve was a danger- 
ous one, as the contents of a bed-pan used by a sick patient in the hos- 
pital could be siphoned, just as in the case of the dye, through the 
valve into the water supply of the hospital. The vacuum breaker 
which the manufacturers of the flush valve had designed to prevent 
siphonage failed because the air opening was too small to be effective. 
Air could not enter the pipe rapidly enough to break the vacuum and 
prevent siphonage. 

This matter is mentioned incidentally because it is one of great 
importance to water-works and health officials, and because it was 
the experience of the writer in ferreting out cross-connections aboard 
great lakes steamships and river vessels on the inland rivers that 
made possible the discovery of many of these similar cross-connec- 
tions in hospitals. 

The education of the seaman is of great importance because it is 
just as true of the man as of the horse that ‘“‘you can lead him to 
water but you can’t make him drink.” An analysis of the occupation 
of seamen hospitalized for typhoid fever in the Great Lakes district 
made several years ago indicated that by far the greater proportion 
were those having easy access to an untreated water supply, such as 
firemen who drank from the hose provided for wetting down ashes — 
and clinkers drawn from the fire, and engineers and oilers who drank _ 
from the jets of untreated water playing upon the bearings of the 
engines to keep them cool. These men could drink the distilled 
water, but because, in some instances, it required the effort to climb | 
up out of the stoke-hole to get it, and also because of the flat taste 
of distilled water, they preferred to drink the raw lake water and = 
incur the risk of sickness. ; 
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It is realized, of course, that the education of such men is = the 


function of the water-works official, but I would like to urge all 
water-works men in cities where vessels may stop to take water from 
ashore to codperate with the vessel companies in providing means for 
getting the water aboard the vessel with the greatest ease and safety, 

In Chicago, the city has provided convenient outlets where vessels 
dock so that a short length of hose may be connected from one of 
these outlets to a coupling at the side of the vessel on a pipe leading 
to the drinking water storage tank. 

Pittsburg, Memphis and many other river cities coéperated in this 
matter a number of years ago by installing, at the expense of the city, 
pipe lines on the river bank with outlets at different levels, so that 
filling the drinking water tanks aboard river steamers by using short 
lengths of hose was possible, regardless of the stage of the river. 
Such measures, coupled with the continued support of health agencies 
in educating the public against the hazards of drinking water, the 
source of which is not definitely known, are certain to be productive 
of beneficial results. We can all take our cue from the excellent 
codperation shown by this paper to exist between the Dominion of 
Canada and the United States in nM the further spread of 
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THE DURABILITY OF DISTRIBUTION SYSTEMS! 


The writer has spent much time especially in studying causes for 
the disintegration of gas and water distribution systems, as well as 
other buried structures. The remarkably long life of cast iron pipe 
and the extremely short usefulness of some other pipe materials are 
themes of particular interest to water works men, especially if, in 
our discussion, we can offer practical suggestions. 

The various public utilities, the agencies regulating plumbing and 
those who have jurisdiction over sewerage, public streets, etc., should 
have closer coéperation. City governments should require better 
planning of underground piping and in such planning one of the prime 
factors to be considered is the relative durability of materials. 

The paper on the “Two Main System of Water Distribution” 
presented at this convention by J. B. Eddy of Chicago clearly shows 
the need for proper allocation of various distribution lines. House 
service connections of relatively short life should be abolished from 
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RUSTED SERVICE PIPES 


Some data are presented in a paper*® read before the New York 
Section of The Association on February 21, 1917, which will bear 
repeating: 


Plumbing and wasted water. .... The habit has been too common of 
thinking that the responsibility ends at the corporation cock on the street 
main or at the meter. That responsibility should not end short of the spigot 
on each plumbing fixture. 

The New England Water Works Association received last year (1916) an 
excellent report on service pipes in which the following table was given to 
show the comparative life of some materials which have been used: 


1 Presented before the Toronto Convention, June 26, 1929. 
_* Research Engineer, National Cast Iron Pipe Company, Birmingham, Ala. 
sia * Rusting of Pipe in Service, Harry Y. Carson, Journal, June, 1917, page 258. 
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YEARS BE- 
FORE TROUBLE 
BEGINS 


LIFE OF PIPE, 
YEARS 


Plain (black) iron or steel pipe..................-. 12 16 
Galvanized Pipe............ 15 20 

Comont Lined Pipe... 14 28 


These data are valuable as giving some idea of the amount of water wasted 
from steel and wrought iron service pipes, which wastes through rust holes 
in the pipe long before the trouble is detected. Moreover, it becomes difficult 
to learn the amount of wastage until the line is torn up and replaced. The 
table also shows that galvanized pipe is little better than black pipe. 


The above interesting data throw light on the development of 
cement linings. Subsequent studies‘ have shown that in a few places 
where the service pipes escaped average soil corrosion, cement linings, 
(as thin as 3'5-inch) withstood the rusting action of soft New England 
water longer than 50 years. Consequently, it is clear that the 
average life of cement lined wrought iron service pipes, which, in 
the above table is given at 28 years, represents the total effect of 
external soil corrosion on this particular material and is exclusive of 
any internal corrosion. If we now compare this with the average 
_ life of black wrought iron or steel pipe amounting to 16 years, it is 
i: evident that the effect of the internal corrosion on uncoated wrought 
iron or steel is almost equal to the effect of external soil corrosion. 
Cement linings not only do increase. the durability of pipe, but also 
greatly improve the flow values. 


EFFECT OF SOIL CORROSION ON UNCOATED CAST IRON MAINS 


Water works men may have no direct interest in the durability of 
- gas mains. However, when the same kind of pipe is used for water 
- and gas mains, experience in the one field may be of considerable 
_ benefit to the other. It is for this reason we bring before this body 
of water works men some data on cast iron pipe used in gas distribu- 
tion systems. 

An excellent opportunity was afforded the writer to study the 
effect of external corrosion on uncoated cast iron pipes at Washington, 
D. C., during 1928, the work having been carefully done in coépera- 


: * Cement Lined Water Mains, Harry Y. Carson, Industrial and Engineering 
2 Chemistry, 19: 7, July, 1927, p. 781. 
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tion » with officials of the Washington Gas Light Company. The soil 
and the general corrosion factors at Washington, D. C., are not 
unlike conditions in New England except that the climate is warmer 
and, as we go southward, the corrosiveness increases slightly. 

_ The depth of pipe lines varied from a few inches below the surface 
to about five feet of cover over the top of the pipe, and the amount 
of cover over the pipe seemed to have little or no effect upon the cor- 
-rosion pressure exerted upon the pipe. 

The texture of the soil determined very largely the amount of water 
and dissolved salts, and this has most to do with the degree of cor- 
-rosion pressure exerted upon the external surfaces of the buried 
pipe lines. 

By “corrosion pressure’? we mean the intensity of hydrogen ions 
o pass through the protecting oxide, which naturally accumulates 
over the outside surfaces of the cast iron. During petiods of time or 
panone when the soil contains much moisture this “‘corrosion pres- 
ure” increases and tubercles which had become dormant when dry 
are caused to become active. Vice versa, when the soil and pipe 
become dry the active tubercles fail to transmit the active hydrogen 
ons and a dormant state is set up. Further, as the crust of oxide 
_ becomes thicker and thicker the hydrogen ions pass or diffuse more 

and more slowly to the iron and even where the ‘‘corrosion pressure” 
may be fairly high the rate of diffusion through the thick dense oxide 
coating slows up to a negligible quantity after the first eighty or 
one hundred years of service. 


EXAMPLES OF DURABILITY OF CAST IRON 


The earliest authentic records concerning cast iron pipé relate to 
several old pipe lines of various diameters laid during 1664 to 1688 
by order of Louis XIV, near Paris from the reservoirs of Picardy to 
those of Montbauron, together with the Spring Water Conduit, the 
whole supplying the Town and park of Versailles.» These pipes are 
still serving after 264 years, and as shown by figure 1, are in excel- 
lent condition. According to the report: 


The few repairs which have been required have generally been necessitated 
by the bad condition of the flange bolts, which have rusted out. 


5 External Corrosion of Cast Iron Pipe, Marshall R. Pugh, Trans. A. Soc. 
C. E. Vol. XXVIII, page 806. 

6 The Life of Cast Iron Pipe, C. Cavallier, Jour. New England Water 
Works Assoc. June, 1904, page 218. 
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All the pipe was cast with bolted flanged joints laid 
at Clermont-Ferraud in 1746, Saint Etienne in 1782 and other 
French cities has served, according to all reports, without any loss 
_ of service due either to soil corrosion or water corrosion. 
4 London and Glasgow have a record of between one and two 
~ centuries for cast iron pipe. In 1785, Mr. Thomas Simpson, engineer 
of the Chelsea Water Company of London, designed and laid the 
first pell and spigot pipes. botioxe 
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Fig. 1. Cast Iron Pire 1n Goop ConpiTion Arrer 264 YEARS OF SERVICE 
AT THE Famous VERSAILLES FOUNTAINS, NEAR PARIS, FRANCE 


It has been this latter type of pipe which was first shipped into this 
country and subsequently made by American foundries in nine-foot 
lengths. We find that the pipe laid by the Washington Gas Light 
Company in 1848 was of this same early design. A curious feature 
about these early pipes is that each length had three or more raised 
sections or ribs approximately two inches in width, which were 
presumably to afford places with heavier walls in which to place the 
service tap. One of the early methods of inserting a service connec- 
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tion or tap to the main consisted of using a tapered fitting or ferrule 
which was driven into the drilled hole like a plug instead of the 
threaded fitting which is now so familiar. 

It is a matter of interest here that pipe laid in Philadelphia in 1816 
was found to be almost as good as new after 100 years of service, 
and observers have repeatedly summed up their conclusions by say- 
ing: ‘“The experience of more than two hundred and fifty years 
with cast iron pipe has not been sufficiently long to establish just 
what its life is.” 


Fia. 2. 3-1ncH Cast Iron Main IN 1848 


SOME PHYSICAL AND CHEMICAL ASPECTS OF SOIL CORROSION 


There are two general types of corrosion of cast iron pipe, one 
wherein the rust or oxide adheres tightly and is locked to the surface _ 
of the pipe with considerable force and the other wherein the product | 
of corrosion is dissolved and removed or carried off in the water 
solution adjacent to the pipe surface. 

In all observations of the mains of the Washington Gas Light Com- 
pany the first general type of corrosion was noted, and no instance 
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of the second type of corrosion was found. A typical condition ig 
shown in figure 2 which is an illustration of 3-inch cast iron main 
in 1848. 
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TUBERCLES PROGRESSES 
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__ There can be no question about the soil containing many diverse 

elements which exert a corrosion pressure on the external surfaces 
of buried pipe lines. Tree roots and bacterial growths generate 
acids which are carried by the rain water into the ground surrounding 
the pipes. Then there are salts which supply the necessary vehicle 
for chemical and electro-chemical reactions when dissolved in this 
water. 

The degree of corrosion intensity depends largely upon the physical 
character of the soil, and as yet, we know little regarding this subject. 
Our studies thus far, however, indicate at least five or six groups of 
soil which probably will become identified after further research. 

Our present interest is not so much concerned with the detailed 
mechanism of corrosion, which involves several hypotheses, but 
rather with the actual effect of the soil on the buried pipe lines. 

Mr. John R. Baylis has set forth a description’ of what takes place 
when an iron surface is exposed to corrosion, and we can subscribe 
to Mr. Baylis’ explanation of the progressive stages of pitting and 
the formation of overlying tubercles. This is graphically shown 
in figure 3. 

In time the tubercles or cementatious incrustations formed on the 
external surfaces of cast iron pipe by the soil, such as found in the 
District of Columbia become practically dormant and they enmesh 
portions of the clay, sand, or loam which is adjacent to the pipe 
surfaces. A typical section of this external cement-like Crust is a 
shown in figure 4. 


MECHANISM OF RUST ON CAST IRON AND WROUGHT TRON 


Since many actual facts cannot be explained by chemical or 
electro-chemical hypotheses thus far advanced, we believe a clear 
explanation was set forth several years ago in the “Mechanical 
Theory of Corrosion.’”’* The microphotograph of cast iron pipe 
shown in figure 5 is typical of the structure which is presented to the 
attack of oxygen and moisture while the microphotograph of wrought 
iron pipe shown in figure 6 is typical of the longitudinal pipe structure 
which is presented to soil corrosion by wrought iron and rolled — 
steel pipe. — 


7 Industrial and Engineering Chemistry, 18: 4, April, 1926, page 370. 
8 The Structural or Mechanical Theory of the Effect of Rust on Cast Iron, 
Wrought Iron and Steel, R. C. McWane and H. Y. Carson Proc. American 


Foundrymen’s Association, 24, page 593. 


8 
DURABILITY OF DISTRIBUTION SYSTEMS 1681 
2 
. 
| 
Wy 


HARRY 


Y. CARSON 


TELAT 


In the place of the interlocked grains or crystals of cast iron, 
“wrought i iron and rolled steel are found to have their crystals of iron 
oriented in a fibrous and in thinly rolled steel, in a laminated struc- 
ture with distinct overlapping of the laminations. As corrosion 
takes place on wrought iron or rolled steel, these laminations or 
fibres scale off one from the other, or become so loosely bound together 
that constantly fresh surfaces are presented to the pressure of cor- 
rosion. The manipulation or rolling of steel or iron during the proc- 
ess of its manufacture thus unfits it to form its own protective coating, 
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Fig. 5a. GRANULAR STRUCTURE OF Fig. 58. FLAKE-LIKE STRUCTURE 
Cast IRON or Wrovuaut IRON 
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6. Prez Structure or Wrovenrt AND ROLLED STEEL 
_ Picks or chisels and hammers must be used before any of these 
- outer cemented incrustations can be dislodged from the surface of 
the cast iron pipe. Although a slight amount of metal has been 
removed from the cast iron pipe surface, it is distributed or diffused 
in the outer crust in the form of ferric or ferrous oxide. As the 


_ to ten times (due to the addition of the element oxygen). If we 
consider that the iron is penetrated to an average depth of #g-inch in a 
_ 6-inch pipe and this iron is changed to ferrous and ferric oxide the 
pipe instead of nares 7 inches across its outside diameter will be 
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DURABILITY OF DISTRIBUTION 
7 + 2 (#¢ x 8) or 8 inches outside diameter. This outer crust, which 
in many ways resembles a cement concrete, would accordingly have 
an average thickness of about 3-inch. Furthermore, it is of interest 
to calculate that the outer crust would only have to develop a unit 
strength of about one-tenth the strength of cast iron itself to be 
equivalent in every respect to new cast iron pipe. 

A test made by the writer on December 4, 1928 from a specimen 
of oxide from a 3-inch cast iron pipe laid in 1872 at the northwest 
corner of Third and East Capitol streets, Washington, D. C., revealed 
a unit compressive strength of 8,880 pounds per square inch. These 
calculations and the test indicate the great strength of the iron oxide 
that overlies and tenaciously penetrates the external surfaces of the 
cast iron mains in the District of Columbia. They are further indica- 
tions that cast iron mains have sufficient durability to withstand 
service conditions in water or gas distribution systems for an indefi- 
nite period of time. 


DISCUSSION 


GEORGE H. FENKELL:*® The subject under discussion is one of 
great interest worthy of our best thought. The pipe used in the 
distribution systems of our water works plants in the early days of 
water main construction, and in some places until quite recently was 
uncoated. Later cast iron pipe has been coated with an application 
of tar. There has been a feeling that this coating could be applied 
to the pipes in various ways. Various ways have been tried by the 
manufacturers and by water companies to get a more efficient 
; coating, but these efforts have not always met with success. 

It has not always been easy either to treat the water. There are 
very few cities that are equipped with treating plants, and for that 
reason the water has not been treated. We have had to trust to the 
coating on the pipe, and other methods that have been adopted. 

In recent years steel and wrought iron have been used as water 
pipes, but unfortunately in the beginning of the manufacture of these 
pipes the manufacturers did not undertake, as far as I know, any 
exhaustive study to determine what was the best coating that could 
be used. The engineer specified the kind of coating he thought 
would best answer the purpose, and the manufacturers used that 
coating without investigating its usefulness. 


* Superintendent and General Manager, Board of Water Commissioners, 
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oe It has occurred to me that, through the great knowledge on this 
- subject we have obtained through chemistry, perhaps the most 
hopeful method would be to treat the water. This can be done in a 
great many places, much more easily than formerly, because many 
are now equipped with treatment works, employ bacteriologists and 
chemists who are on duty at all times, and who are in a position to 
make a special study of the proper treatment of water for human 
consumption, and for preservation of pipes and other apparatus 
in water works operation. 

The reason these advanced methods have not been used in the past 
is because the effect on the pipes of gas and other constituents has 
not been fully understood. 

In places where the pipes suffer little from corrosion the question 
of scale and the incrustation that forms on the interior of boilers is 
becoming a very liveissue. It has resulted in the consumer suffering. 
Here, too, as a result of careful chemical research, methods for 
removing the troubles caused by water in steam boilers are gradually 
being placed in use. 

It seems to me that the time has arrived when water works men, 
through the aid of chemists and bacteriologists, should be able to 
approach this question in an intelligent way. What we need today 
is still more scientific study of this important question of corrosion. 
We must ascertain why the corrosive action is carried on, and when 
that is understood in a better degree than at present something can 
be done to prevent corrosion in the pipes. 

It is not a simple problem, but it is not unlikely that a way will 
be developed whereby many plants will be able to protect their 
system against corrosion in the pipes to a much better extent than 
is possible today. 


ANDREW F. Macatium:!? When I was engineer in the City of 
Hamilton it was found necessary to take up a water main that had 
been down for 60 years. When it was removed we found that there 
was no tuberculation whatever inside or outside. Hard water was 
supplied through these pipes, but it must be remembered that the 
quality of the iron used in the pipes at that time was much better 
than in present day pipe. This was old English pipe, and it was 
much better than we get today. 4 at 


10 Commissioner of Works and City Engineer, Ottawa, Ont., Can. at : 
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j On the other hand, we found we were continually basaiel trouble 
in the tubes in the boilers. We tried about all the known treatments, 
and we finally came to the conclusion that the tuberculation was 
‘caused by electrolysis. 

' In Ottawa we have a soft brown water, and we have tuberculation. 
] think the author suggested it would be better to clean the pipe. 
Ww ith our steel pipe, we remove the water and recoat the pipe. Do 


~ you think that is good practice? 


_ Harry Y. Carson? I think it would be well to bring out one of 
the studies we have made in connection with bituminous coating, 
and cement coating. Bituminous coating does not, from a theoretical 
standpoint, afford any protection against ionic diffusion. By that I 
- mean the diffusion of hydrogen ion in one direction and oxygen ion 
_ in the opposite direction. Cement coating, for a peculiar reason, 
_ does not stop up, but it seals the diffusion action, and for that reason 
the cement affords protection against interchange of hydrogen ion 
and iron ion which extends the electric charge at the point of service. 
_ Mr. Hazen brought out the point that perhaps the double dipping 
would fill up the microscopic pores in the coating. The tubercles 
do form on top of bituminous coating, and apparently in the absence 
of microscopic, and I presume large openings, and it seems hopeless 
to depend on bituminous coatings. Some other coating, like cement, 
which is mechanical, rather than a chemical protection, against 
diffusion of ion into and out of the coating, seems to afford the best 
means in the future to protect iron surfaces. By removing the old 
tubercles we simply make way for new ones to form more rapidly, 
because the tubercle itself forms a protection which is mechanical, 
similar to the cement coating, due to the film action that forms on the 
outer crust. There is thus much reduced diffusion of the hydrogen 
ion into and out of that film. 
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W. W. Brusu:" The origin of the i iron pipe does not seem to make 
any difference. We have some Scotch iron pipe laid in Brooklyn 
about 70 years ago and a substantial amount of that pipe has been 
removed. We reached a very low carrying capacity in this pipe, 
amounting in 6-inch size to about 15% of the original capacity. 
A pipe 30 inches in diameter was cleaned once ten years ago, before — 


11 Chief Engineer, Department of Water Supply, Gas and Electricity, 
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being removed, and it showed, approximately, 4-inch 
of penetration of corrosion throughout the entire area of the pipe. 
The deepest pitting was a little over a quarter of an inch, and it 
was quite uniform. 

The iron that was changed, by corrosion, was covered with 
tubercles, which were removed by the cleaning. The retubercula- 
tion of the pipes was rapid after the cleaning. 
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By ©. A. Haskins? 


The history of the Kansas City, Kansas, municipal —- 
* plant during the 20 years past since the purchase of the property 
in 1909, has been one of continual growth and extensions, in an effort 
to meet the constantly increasing demands of the growing city. 
The city has increased from a population of 51,418 in 1900, to an esti- 
mated present population of 125,000. Kansas City has many large 
industries, situated mainly in the Kaw and Missouri River valleys, 
where ground water of fair quality is easily obtainable, but most of 
them have connections with the city supply for temporary or emer- 
gency use. Of course, a large number depend upon the city supply 
entirely. Thus large variations in demand are not unusual. 

The original plant as purchased was situated on the present site, 
in the Quindaro district, about 2? miles northwest of the City Hall 
and adjacent to the main pumping and treatment works of the Kan- 
sas City, Missouri system. Water then, as now, was taken from the 
Missour River, settled, coagulated and filtered through six 1 m.g.d. 
Jewell, wooden tub, mechanical gravity filters. It was then lifted 
into the distribution system with little or no intermediate storage. 

Immediately after the purchase by the city a municipal light and 
power plant was constructed at the same location and a develop- 
ment of the water purification plant began in 1911 and 1913 which 
furnished additionai settling and coagulation basin capacity. Nine 
new rapid sand gravity filters of concrete construction, each with 

1 m.g.d. capacity were added, making the total daily filter capacity 
18 m.g. A 400,000 gallon clear well and a complete coagulation plant 
was built also. 

In 1918 the Argentine reservoir was constructed on the high 
ground south of the Kansas River, about 53 miles directly across the 
city, south from the plant. This reservoir has a capacity of 13 mil- 


-1Presented before the Missouri Valley Section meeting, October 3, 1928. 


b * Consulting Engineer, Kansas City, Mo. 
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lion gallons and serves to maintain the supply in that section of the 
city during high rates of demand and also to reduce the variation of 
demand upon the purification plant. In 1923, a new coagulation and 
settling basin of 20 m.g. capacity was constructed at the plant, making 
present basin’capacity 36 m.g. 

a IMPROVEMENTS AND EXTENSIONS OF 1925 


The consumption has increased so greatly in recent years (average 
daily about 18 m.g., with maximum hourly rate of 24 m.g.d.), that - 
new filtration capacity became imperative. In 1925, five 23 m.g.d. 
rapid sand units were constructed and a new clear well, holding 
692,000 gallons. Since the completion of the new units the original 
filters, the Jewell wooden tub units, have been removed in order to 
make space for further development of the water and light plant. 
Thus the total basin capacity is now 36 m.g.; filtration capacity 
25 m.g.d.; clear water storage at plant 1,082,000 gallons, and service 


Site 


_ The space available for this additional development was restricted, 
since the site is hemmed in with the Missouri Pacific R. R. on the 
south, joining the south bank of the river a short distance west of 
the plant; the Missouri River on the north, and the Kansas City, 
Missouri, plant on the east. A study was made, therefore, by the 
Department of Water and Light for the proper utilization of the 
entire area in order to coérdinate the plans for the ultimate develop- 
ment of both the water works and the light and power plant. 


Layout 


_ It was determined to reserve the vacant space west of the basins 
for future sedimentation requirements and to construct the new bank 
of filters to the east of and along the axis of the existing plant, design- 
ing the pipe gallery in such manner that another bank of units might 
be added on the east of it, back to back with the comtemplated pres- 
ent construction. The Jewell filters had about served their useful 
life and were to be dismantled and their space more adequately 
utilized. In this plan space for ultimate filter plant development of 
55 m.g.d. could be obtained. 

There were some obstructions on the area to be immediately used. 
The existing wash water tank, a 60,000 gallon steel structure on legs, 
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since it was too small for the new plant, it was wrecked and a new 
ank provided. Settling basin drains were changed and new connec- 


The elevation of the tops of the settling basinsis 45.4 
nd of the existing filters 43 feet. The ground elevation is 28 to 30 
feet and the 1903 high water elevation 34 feet. 
elevation between the basins and the filters in the existing plant — 


necessitated frequent laborious operation of a large valve on the 


throttled valve seemed to interfere with the floc. Consequently the — 
‘new filters were built at the same level as the basins in order to keep — 
them in balance and curbs were constructed around the tops of the © 
_ existing filters so that they could all be operated at the same level. 
A new 54-inch cast iron conduit was laid from the basin outlet to a 
connection with the influent header between new filters 2 and 3, and 
- the piping in the new gallery was connected with the piping in the — 
existing gallery, with 36-inch spur gear operated valves between the 
a two on both influent and effluent lines. It was necessary to join the — 
and new buildings, constructed at different levels also. 
| 
A clear water well is provided under the new filters, extending to 
the same depth as the floor of the new pipe gallery (elevation 18), 
and affording storage of 692,000 gallons. A new 48-inch cast iron 
suction line was laid from the high service pumping equipment to the — 
i The new filters are 32 by 37 feet in plan, divided by the influent 
and effluent conduits into two equal parts, with a sand area of 16 by 
30 feet each. Each section of each filter has 30 cast iron, tapered, 
lateral underdrains 16 feet long, spaced on 1 foot centers, made up by — 
- bronze welding three pieces of pipe, each 5 feet 4 inches long, the 
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about 25 feet above the filters stood partially within the area and PS are 
- tlons made and a section the raliroad spur was relocated. . Vetalied 
plans and specifications were made and bids for construction taken By ee 
ie in 1925 and the improvements were completed late in 1926. iT a 
_ Five reinforced concrete filters were constructed each having a 
capacity of 23 m.g.d. at the nominal rate of 2 gallons per square foot 
effluent from the basin to the filters and the high velocity through t a, 
fine 


first section es in diameter, 
They are so welded that the taper occurs on the inside. Each 
lateral is perforated with 45 3-inch holes on 43-inch centers, in a 
single row, turned down. The inside end is leaded into a special 
flange to bell casting, anchored into the conduit wall. 

The far ends of the laterals rest in semi-circular notches in cast 
iron saddles 43 inches high and are thus held at a uniform distance 
above the floor. On account of the length of the laterals (2 feet 
longer than any of which record could be found) careful hydraulic 
tests were made on laterals of sizes and perforations in order to deter- 
mine the proper taper of the laterals, and the drilling and spacing of 
the perforations in order to maintain the velocity head at approxi- 
mately the same value throughout their length and thus to insure ~ 

_ proper distribution of the wash water. Sd 
Filter media 
; ee The laterals are surrounded by 18 inches of graded gravel, ranging 
in size from 3 inches at the floor, to ;'y-inch in size at the top. There 
are two feet of Red Wing sand above the gravel having an effective 
size of 0.4 m.m. and uniformity coefficient of 1.6. 
gutters 
_ The wash gutters are constructed of cast iron with vertical sides 10 
inches high and semi-circular bottom with 6-inch radius, calculated 


to carry 180 c.f.m. by the formula Q = 2.38 A \ 1 where A = total 


cross-section and b = width. While theoretically the wash gutters 
could have been tapered, the manufacturer preferred to use a uniform 
section throughout, at the same price. The gutters are supported by 
bolts through a flange at the far end, extending into the wall of the 
filter, and they rest in the conduit wall at the otherend. They are 
so spaced that the maximum travel of the water to reach them is 24 
feet. The outside bottom of the gutters is 6 inches above the top of 
the sand. Great care was employed in erecting the troughs so that 
the edges were perfectly level. 

Each filter unit is provided with hydraulic valves for opening and 
closing the influent, effluent, wash, drain and rewash, operated by lev- 
ers mounted on individual marble operating tables situated on the 


d Hydraulic valves 
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operating floor. Each table also has an indicator for the loss of head be 
gauge and the rate of flow gauge. The existing filters had not 4 
previously been supplied with operating tables, consequently they 
_ were also equipped with individual tables of similar appearance. —__ 


_ Asampling table of similar appearance is also provided with water 
_ motor operated pumps for sampling the influent from the 54-inch 
- conduit from the settling basins and from the clear water well. 


Sampling table 


Wash water 


vertical rise of wash water per minute, or 14,400 gallons per minute © 
er unit. A double faced gauge showing the depth of water in the © 


clear well is provided in the.gallery and another gauge shows the alti- _ 
tude of the water in the wash water tank. 


Each filter is provided with a 16-inch Venturi effluent controller — 
-_ with normal capacity of 22 m.g.d., and an operating range of from — 
- 1} to 33 m.g.d., with a loss of head of not more than 5 inches and a 
variation of rate not more than 5 percent within these limits. Ven- 
turi controllers which had been omitted in the design of the existing — 
filters, were also erected on the existing nine 14 m.g.d. units, of a 
similar type, but with an operating range of from 1 to 3 m.g.d. 


a | Wash water rate controllers 


registering, recording and indicating Venturi type wash water 
rate controllers were erected, one with 24-inch ends, with 7,200 g.p.m. 
normal capacity, with range of from 1000 to 13,000 g.p.m. for the exist- _ 
ing filters; and one with 30-inch ends, 14,400 g.p.m. normal capacity _ 
with a range of from 2000 to 20,000 g.p.m. for the new filters. Two 
illuminated indicating dials are hung from the roof truss in the operat- 
ing room at a point between the old and the new filters and visible 


from either end of the operating floor shows the rate of wash. 


The existing Venturi meter on the discharge line from the high B 
n the pumping station in an-— 


A 


| 
A new 100,000 gallon tank, erected over the filter building, at an Be oe 
elevation of 45 feet above the filter bottomsfurnishes wash water. It = = 
supplied by an electric motor driven 4000 g.p.m. pump taking 
guetion from the clear well. The filters are washed atarateof2feet 
‘ 


other building. Consequently, an electric secondary indicator was 
erected in the chlorine room about 190 feet away from the meter to 
enable the filter plant operators to know the rate of pumpage to the 
city and to adjust the chlorine dosage with the varying rate. A 4- 
inch pressure line was laid in a circuit about the gallery and connected 
to an 8-inch high pressure main, equipped with pressure regulating 
valves to maintain constant for operating the hydraulic 

aa Miscellaneous items 


ag A six ton hand driven bridge type traveling crane was erected over 
the pipe gallery, with a high speed, 36-foot lift, hoist. 

New and enlarged laboratory quarters were provided in the second 
floor over one of the new units, affording a space 36 feet 3 inches by 
30 feet 3 inches subdivided into a main laboratory room, a coal testing 
room, an office and a store room, with plumbing, lighting and heating 
conveniences. 

The building housing the new filters and one blank space between 
the old and new filters, is 53 by 222 feet in plan. It is constructed of 
brick with a plastic gypsum roof supported by steel trusses. Provi- 
sion was made for extending the building on to the north and east, to 
house additional filter units at some future time. 


The entire cost of the new filter plant except for engineering, was 
$330,000, which amount includes the items constructed for the old 
filters, such as the operating tables, wash water rate controller, efflu- 
ent controllers, curbs around filter boxes, etc. 

Te general contractors were Wyatt & Barcus of Kansas City, 
Kansas. Mr. C. T. McFarland of Kansas City, Missouri, was the 
filter contractor; and the control equipment gauges, and similar items, 
were furnished by the Builders Iron Foundry of Providence. The 
improvements were designed and the construction was supervised by 
the Water and Light Department of the City under the direction of 
H. C. Ackerman, Chief Designer, supervised by James D. Donovan, 
as Chief Engineer, Water and Light Department, and the writer as 
Consulting Engineer. Mr. L. B. Mangun, Chief Chemist, gave much 
assistance andhelpfuladvice. 
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By R. Cox! 


Concerted effort by water purification authorities has developed _ 
practical procedures whereby water of safe sanitary quality may be _ 
provided even when the raw waters are heavily polluted. Frequently, 


“ie however, the physical character of the water is unsatisfactory, due 
— to the presence of soluble organic matter, which i is not removed by the 


products from the necessary use of large doses 
of this disinfecting agent. It is evident, therefore, that methods of _ 
improving the physical character of water supplies are essential to “a 
meet the demand of the public for attractive potable water. 
_ Many industrial wastes interfere with the processes of water puri- 
fication, especially coagulation, or introduce taste producing com- 
pounds which in themselves, or after reacting with chlorine, cause ob- 7 
noxious tastes in the treated water. Effort is being made by those in 4 


as far as possible, although the instigation of elaborate waste treat- 
ment processes at many industrial plants will not entirely prevent — 
pollution. Serious study will have to be given, therefore, to new or — 
modified methods of water purification whereby taste producing com- _ 
pounds present in water may be destroyed or modified. 

The most difficult problem in the prevention of obnoxious tastes — 
in water supplies has been the removal or destruction of phenolic 
compounds introduced into streams or lakes with wastes from by-— 
product coke ovens. The coke oven industry fortunately has devel- 
oped several successful methods of treating ammonia still wastes to 
remove the phenols, so the degree of pollution of the water supplies 
by such wastes should be less in the future. There will be occasions, 
however, when breakdowns will occur at such waste treatment plants, 
or when temporarily the efficiency of phenol recovery will be low. | 


1 Assistant Engineer, State Department of Health, Albany, N. Y. 
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authority to prevent the pollution of streams by industrial wastes See 
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Ever 
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treatment of wastes in order that more economical and reliable meth- 
ods may be developed. 

The by-product coke oven industry is restricted to the east and mid- 
west where soft coal is available and where there is a demand for coke 
in steel mills. Chlorophenol tastes in water supplies, therefore, have 
occurred in a relatively restricted portion of the country, and com- 
paratively little study has been given to their prevention or destruc- 
tion. As is generally known, the first reported studies of this 
problem were those of Sir Alexander Houston of London, England, 
who developed three methods, namely, superchlorination followed by 
dechlorination, permanganate treatment, and ammonia treatment. 
A review of the literature indicates that these methods have been 
utilized on this continent as follows: superchlorination at Toronto, 
Ontario, and Bay City, Michigan; permanganate treatment at Roches- 
ter and Lackawanna, N. Y., and ammonia treatment at Greenville, 
Tenn., and Springfield, 

The adsorption of phenolic compounds in water by passing the 
water through beds of “activated carbon” has been tried with 
success in Germany and the method is being studied in this country 
by the carbon industry, and investigators at Cleveland and Chicago. 
No engineering data on plant scale are available so no statement can 
be made relative to the feasibility of this otherwise attractive proce- 
dure on a plant scale. 

We have been informed, likewise, that ozone effectively destroys 
chlorophenols in water. This was ascertained on a practical scale at 
Chicago, where many of the beverage and bottled water establish- 
ments have ozonating equipment. During the period when the 
chlorinated water of the Chicago water supply had a distinct chloro- 
phenol taste, these beverage plants were able to produce attractive 
products, indicating the effective destruction of chlorophenol bodies 
by ozone. 

The trial of the potassium permanganate treatment at Rochester 
and Lackawanna, N. Y. was recommended by the New York State 
Department of Health in the hope that this very flexible treatment 
might prove efficacious. The satisfactory results secured at these two 
points led the Department to recommend that similar treatment be 
utilized at Buffalo, Rensselaer and Waterloo, N. Y. during 1929, 
when chlorophenol tastes were occurring in these supplies. It was 
realized, however, that permanganate treatment might be unsatis- 
factory under the local conditions at Buffalo, so it was also suggested 
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ducted jointly by the Department of Public Works of Buffalo and the © 
State Department of Health. The results secured by these — 


BUFFALO 


_ The water supply of the city of Buffaio is secured from Lake Erie 
near the point of discharge of the lake into the Niagarariver. Nor- _ 
mally the water is of very low turbidity and is relatively unpolluted. _ 
- During periods of strong westerly winds, however, polluted shore _ 
- waters are carried toward the intake. At times these shore waters _ 
_ have contained appreciable quantities of phenolic wastes from two 
large coke oven plants in or near Buffalo. Phenol recovery equip- __ 
ment has been constructed recently at these plants, but during the 
- winter of 1928-29 chlorophenol tastes appeared at intervals in the 
_ supply, so efforts were directed toward improving the physical qual- 
i ity of the water. 


intake during the period of the studies in January, 1929, eet for a 
: few hours on January 7,80 the a had to be restricted to the En 


“wastes, containing 480 p.p.m. were added to 2 liter 
of raw or filtered water, as the case may be. Very pronounced and ~ ” 


pheno! was 0.05 to 0.10 p.p.m. and when the subsequent doses of 
chlorine were 0.3 to 1.0 p.p.m. These concentrations in general __ 
are considerably higher than the minimum doses found to produce _ ee 
such tastes with other wastes. It was found in addition that the _ 
characteristic chlorophenol taste tended to decrease in intensity or to _ 
disappear when the treated waters were allowed to stand in bottles _ 
at laboratory temperature. Samples of tap water, collected on one — 
- oeeasion when the municipal water supply had a pronounced chloro- 
phenol taste, likewise lost this taste when samples were stored over — 
night in five gallon bottles. This apparently is one of the few re- _ 
ported instances where this phenomenon was observed, although it __ 
may be that similar results were observed at other points and not 


that superchlorination and ammonia treatment be experimented with oe 

before attempts were made on a plant scale to prevent or remove =~ 
chlorophenol tastes from this large supply. These studies were con- Ones 
shou Ol general interest an ey are, thereiore, Summarize ie 
here. No attempt will be made to tabulate the large amount of ie 
quantitative data collected, but the significant results are discussed. 
characteristic phenol tastes were thereby produced, when the dose of oer 


referred to in available literature. It is obvious, however, that this 
_ natural disappearance of chlorophenol tastes is of great practical 
importance. As the tap water had been effectively chlorinated, it is 
doubtful whether the reduction in the content of chlorophenols was 
due to biochemical processes, which, however, appear to cause a 
reduction in the phenol raw waters, as at Rensselaer, and on the Ohio 
River. 


_ ing of January 7, had a distinct chlorophenol taste for a few hours. 
_ This taste could be duplicated by adding 0.3 p.p.m. of chlorine to a 
sample of filtered, unchlorinated water. Other samples of filtered, 
5a . unchlorinated water treated with 1.0 to 2.5 p.p.m. chlorine as super- 
a chlorination doses had no chiorophenol taste in one hour’s time, when 
the residual chlorine was removed by sodium thiosulphate. These 
results indicate that superchlorination with doses of chlorine of 
1.0 p.p.m. or greater, effectively destroyed the phenolic compounds 
in one hour’s time, when dealing with the concentration of phenol 
- - which was actually present in the raw water entering the filtration 
plant at that time. 

aa Some time later in the same day the raw water contained no phenol 
and it was necessary to add from 0.1 to 0.2 p.p.m. phenol in measured 
- quantities of A-C liquor to produce the characteristic taste. Raw 
water so treated and superchlorinated at rates of 1.0 to 3.0 p.p.m. 
chlorine developed characteristic and permanent chlorophenol tastes 
in all samples, except that treated with 3.0 p.p.m. chlorine, which was 
j tasteless after four hours. The most pronounced taste was found to 
= be present in the sample dosed with 1.0 p.p.m. chlorine. These re- 
‘sults, therefore, indicate that a superchlorination dose of 3.0 p.p.m. of 
5 ‘. chlorine effectively destroyed the phenolic compounds in raw water, 
-—_- go that a tasteless water was produced following the dechlorination 
reaction. Filtered, unchlorinated water dosed with 0.15 p.p.m. 
_ phenol developed a characteristic chlorophenol taste with 1 p.p.m. 
_ chlorine, although 1.5 p.p.m. chlorine or greater produced a tasteless 
F water after one hour, when the water was dechlorinated. It was, 
therefore, observed that the superchlorination reaction was more 
rapid in the case of the filtered water. 
__ The practical implication of these results is that superchlorination 


_ would be more effective when applied to filtered water than to raw 


Loo, 


The filtered water of the Buffalo on the 4 
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water. It would be necessary, however, at many plants to apply the 
superchlorination dose to the raw water to provide the necessary 
reaction period, and to apply sulphur dioxide, sodium thiosulphate, 
or sodium sulphite, as a dechlorinating agent, to the settled or filtered 
water. This treatment was not tried on a plant scale at Buffalo, 
because of cost and lack of chlorination equipment of sufficient 
capacity. 
hos Ammonia treatment beast 
It appears from the literature that ammonia treatment in concen- 
trations of 0.1 to 0.2 p.p.m. when applied before the chlorine dose is 
a8 effective in preventing the formation of chlorophenol compounds. 
_ This is presumably due to the fact that ammonia reacts with the 
chlorine very rapidly to form chloramines, which are comparatively 
_ stable and presumably do not react with phenols. Chloramines are 
well known disinfectants, which, being somewhat stable are less active 
than an equivalent dose of chlorine. The ultimate efficiency of dis- 
infection by chloramines, however, may be higher than that by chlorine 
_ when the disinfection period is sufficient, because their disinfecting 
_ action persists for longer periods. More study of this important fac- 
- tor is needed before ammonia treatment can be applied with assurance 
to the more heavily polluted waters. 

Ammonia solution was applied to raw Lake Erie water, containing 
0.1 p.p.m. phenol, in doses of 0.1 and 0.2 p.p.m. Subsequent chlori- 
nation of the samples with 1.0 p.p.m. chlorine did not produce chloro- 
phenol tastes, although a “control” sample containing no ammonia 
had such a taste. Water so treated, however, had a slight ammonia 
taste, which disappeared in about one-half hour. Similar results 
were secured when filtered water was treated with 0.1 p.p.m. phenol, 
0.1 p.p.m. ammonia and from 0.3 to 1.0 p.p.m. chlorine, although in 

this case a slight chloramine taste remained in all the samples so 
treated, except that dosed with 1.0 p.p.m. chlorine. It will be noted 
that the 1.0 p.p.m. chlorine dose was 10 times the ammonia dose, and, 
therefore, the relative proportion of the chlorine and ammonia were 
roughly that necessary for the complete reaction of the ammonia and 
the chlorine to form dichloramine, whereas in other instances the 
ratio of ammonia to the chlorine doses was relatively greater. These 
results indicated the desirability of regulating the chlorine and am- 
-monia dose so that these chemicals would react most completely. 
Subsequent tests were made, therefore, by the addition of pre- 
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viously prepared chloramine to samples of water containing phenols. ( 
For this purpose 0.05 p.p.m. ammonia solution and 0.30 p.p.m. ( 
chlorine solution were added together to form dichloramine. This ( 
ratio provided a slight excess of ammonia, the theoretical quantities 
being 1.2 parts of ammonia to 8.0 parts of chlorine. The application 
of this solution of chloramine to filtered water, containing 0.05 p.p.m. { 
phenol produced a tasteless water, although a control sample contain- 
ing no ammonia had a distinct chlorophenol taste, and another sample | 
dosed with the same concentrations of phenol, ammonia and chlorine 
added separately, did not have a chlorophenol taste but a slight chlor- 
amine taste. It was concluded from these results that most satis- 
factory results could be secured when the doses of chlorine and am- 
monia were carefully regulated in proportions of about eight to one, 
or when these chemicals were previously mixed to form dichloramine 
solution. The ammonia dose should be at least one-eighth the chlo- 
rine dose, otherwise nitrogen trichloride might be formed, and no 
disinfection would result were this the case. 

Ammonia gas is very soluble in water. Thus it may be applied 
readily to raw, settled or filtered water before the chlorine dose with- 
out appreciable loss. No elaborate dosing equipment is needed, it 
being possible to make ammonia solution by conducting the gas in a 
tube from the pressure cylinder to a solution tank, a hydrometer 
being used to determine the resulting strength of solution. Care 
must be exercised to prevent water backing through the tube into the 
cylinder. This may be accomplished by extending the tube in a loop 
about 34 feet above the water surface, or above the suction limit of 
avacuum. Ammonia in larger quantities also could be added directly 
to the water supply, scales being used to determine the loss in 
weight and hence the dose of ammonia. The ammonia treatment was 
not applied on a plant scale at Buffalo as potassium permanganate 
treatment appeared to be better adapted to local conditions. 


ty Potassium permanganate 


_ On January 7, when the tap water had a chlorophenol taste as stated 
above, potassium permanganate treatment was applied to samples 
of tap water in doses varying from 0.05 p.p.m. to 0.2 p.p.m. All of 
these concentrations of potassium permanganate led to the complete 
destruction of the characteristic chlorophenol tastes in 15 minutes, 
although in one hour and 50 minutes the taste of an untreated control 
sample likewise had disappeared. These very favorable results indi- 
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cated that potassium permanganate was effective in destroying the _ 
characteristic chlorophenol tastes due to the presence of phenolic a4 
compounds in the raw water in concentrations actually existing at — 
Buffalo. When attempts were made to duplicate these satisfactory — 
results with samples of raw or filtered water, to which known quanti- 
ties of phenolic wastes were added, it was found that a slight bitter or 
astringent taste was produced in certain instances. A careful analy- 
sis of the large number of tests made with the use of potassiam per- 
manganate at Buffalo leads to the conclusion that this bitter taste 
was due to reaction products of chlorine and miscellaneous organic 
matter, as the taste was entirely unlike the characteristic chlorophenol 
taste. It was found for instance that no bitter taste was present. 
when the chlorine dose was relatively low, irrespective of the potas- 
sium permanganate dose. For instance, 0.1 to 0.2 p.p.m. potassium 
permanganate applied 15 minutes after a chlorine dose of 0.3 p.p.m. 
completely destroyed chlorophenol tastes due to the presence of 
from 0.3 to 0.8 p.p.m. phenol, which concentrations are obviously 
much greater than is likely to be present in polluted water. This 
dose of permanganate, however, was not capable of destroying such 
tastes when the dose of chlorine was 1.0 p.p.m. even though the 
phenolic content was lower, or 0.1 p.p.m. It is evident, therefore, 
that the relatively large doses of phenol used in these experiments re- 
quired a considerable dose of chlorine, namely, about 1.0 p.p.m. to 
produce the maximum taste and that the chlorophenol taste so pro- 
duced was removed by the potassium permanganate, but that other 
taste producing chlorine reaction products were not thereby de- 
stroyed. Smaller doses of chlorine presumably did not lead to the 
production of large concentrations of such miscellaneous taste pro- 
ducing compounds, and thus the same doses of potassium perman- 
ganate were more successful. 

In order to produce concentrations of phenols with the A-C liquor 
used in these experiments, it was necessary to use appreciable quanti- 
ties of the material, because the phenolic content of 480-p.p.m. is 
only about one-fourth of the usual phenolic content of A-C liquors. 
This necessitated the addition of about four times as much miscella- 
neous organic matter to the samples under observation than would be 
present when water supplies would be polluted with equivalent quan- 
tities of phenols. It is not surprising, therefore, that miscellaneous 
taste producing compounds were present. 

Potassium permanganate treatment was also found to be somewhat 
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cated that this oxidizing agent more effectively destroys phenols 
: 4 than chlorophenol compounds. If this were universally true, it would 
- appear that potassium permanganate treatment should be applied 
before the chlorine dose. As manganese compounds are likely to 
cause staining of clothing and toilet fixtures, it would appear likewise 
itd. _ that this chemical should be applied to the unfiltered water, so that 
the reaction could be completed in the coagulation basins, thereby 
permitting the removal of insoluble manganese compounds by the 
filters. 
Phenolic wastes were not present in the raw water at Buffalo during 
the studies for sufficient periods to determine the effectiveness of 
potassium permanganate treatment on a plant scale. It was finally 
decided, however, to ascertain the effect of this treatment upon the 
physical quality of the water, so potassium permanganate crystals 
were added to the alum being fed to the raw water by one of the dry 
feed alum dosing machines in concentrations of one pound per million 
gallons of raw water, or 0.12 p.p.m. This treatment was continued 
for four hours, and did not lead to any appreciable modifications in 
the appearance of the settled, filtered or filtered chlorinated water, 
and the tap water had no unusual taste. These satisfactory results, 
therefore, indicated that potassium permanganate could be readily 
added to the raw water by mixing the desired quantities with the 
alum being fed by the alum dosing machines. A supply of potassium 
permanganate was purchased and is available for use in case the raw 
water should contain phenolic wastes in the future. 
The water supply of the Rensselaer Water Company is secured from 
the Hudson river a short distance below Troy, and opposite Albany, 
N. Y. The river at this point is subject to pollution with phenolic 
compounds, due to the existence of the coke plant at Troy, and also 
a large amount of sewage. A phenolic waste treatment plant is in use 
at the coke plant, so that the degree of pollution of the river water 
with phenolic compounds is materially less than otherwise would be 
the case. It has been found, however, that when the river is covered 
with ice and when the water temperatures are low, chlorophenol tastes 
are present in the water supply at frequent intervals. This interest- 
ing relationship indicates that the absence of aeration and low tem- 
peratures prevent biochemical changes in the polluted water, and 
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thereby prevent the modification of phenolic compounds into taste- 
less products, which apparently occurs at other times. 

Potassium permanganate treatment was started at Rensselaer the 
first part of January, 1929, and has been continued uninterruptedly 
since then, During the winter months when the river was frozen, the 
raw water was chlorinated with an average of 1.75 p.p.m. chlorine, 
and the filtered water with an average dose of 0.50 p.p.m. chlorine, 
the orthotolidine tests being used as a guide for chlorination treatment 
whereby 0.5 p.p.m. residual is maintained in the applied water and 0.2 
p.p-m. residual in the water leaving the plant. When ice disappeared 
from the river this spring, the doses of chlorine were reduced to 1.25 
and 0.25 p.p.m. respectively. The alum dose during the winter 
months was about 2.5 grains per gallon, whereas later it was reduced 
to 2.0 grains per gallon, even with an increase in turbidity of the raw 
water due to spring floods. . 

Doses of 0.06 to 0.10 p.p.m. potassium permanganate effectively 
destroyed chlorophenol tastes in the water, and incidentally im- 
proved the coagulation of the water as determined by the clarity of the 
filtered water and the ease of washing of the filters. The potassium 
permanganate dose has been added to the raw water about an hour 
preceding the raw water chlorine dose. Although chlorophenol tastes 
have been destroyed by the preliminary potassium permanganate 
treatment, occasionally there is a slight bitter taste in the treated 
water, as noted at Buffalo and Waterloo. It is difficult to state 
what this taste is due to because of the very complex nature of the 
organic matter present in the polluted Hudson river water which 
receives drainage from swamp lands, paper mills, sewage and other 
miscellaneous wastes. The doses are too small to lead to the taste 
of potassium permanganate itself, even were the compound to re- 
main in the water as such. 

The permanganate treatment at Rensselaer is accomplished by the 
use of solution feed equipment and the conventional orifice box. The 
chemical dissolves rather slowly, so a known weight of the chemical 
is dissolved in a bucket of warm water. The solution so made is 
utilized the following day after dilutionin the solutiontanks. 

WATERLOO 

The village of Waterloo secures its water supply from the Seneca 
river which drains Seneca Lake. Phenolic compounds were dis- 
charged into the northern end of this lake near the outlet in the past 
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with the subsequent production of obnoxious tastes in the Waterloo 
water supply. A successful waste disposal plant was constructed 
at a by-product coke plant located at this point, which effectively 
stopped the serious pollution of the water supply. Drainage condi- 
tions were modified subsequently through the construction of a high- 
way culvert permitting the discharge of miscellaneous wastes from 
the coke plant directly into the lake. During the early part of 1929, 
such drainage contained comparatively large quantities of phenolic 
compounds, due to breakdown of the phenolic waste disposal equip- 
ment. Pending the repairs to this equipment, potassium permanga- 
nate treatment was instituted at the Waterloo rapid sand filtration 
plant. Doses of potassium permanganate of between 0.06 and 0.12 
p.p.m. were applied to the raw water just before sedimentation. The 
settled water was then chlorinated and finally filtered through rapid 
sand filters. This treatment effectively destroyed chlorophenol 
tastes, but did not destroy other less disagreeable tastes of a bitter 
or astringent nature, mentioned above. 

Potassium permanganate, in oxidizing organic matter in water, 
naturally modifies the chlorine demand of the water, which is 
dependent primarily upon the organic content. Potassium perman- 
ganate treatment, therefore, will influence the rate of disappearance 
of residual chlorine in chlorinated waters and thus the orthotolidine 
control of the chlorination process must be accomplished with due 
consideration to the modifications incidental to such treatment. In 
addition, potassium permanganate reacts with orthotolidine to pro- 
duce a false color equivalent to 1.0 to t.3 p.p.m. chlorine for each 1.0 
p.p.m. potassium permanganate. Potassium permanganate, how- 
ever, is soon modified to some other manganese compound, and 
1.0. p.p.m. manganese has been found to prcduce a false color with 
orthotolidine equivalent only to about 0.2 p.p.m. chlorine. An error 
of about 20 to 25 percent in the accuracy of the orthotolidine tests, 
therefore, results when potassium permanganate treatment is utilized, 
provided the test is applied after the permanganate has reacted. 
Potassium permanganate as such imparts a distinct pink color ‘to — 
water in concentrations of about 0.2 p.p.m. or greater. This pink — 
color disappears quite readily, however, when the potassium per- 
manganate reacts with phenolic compounds and organic matter and 
thus the color will not persist. Normally it would not appear advis- 
able to add concentrations of more than 0.2 p.p.m. potassium per-— 
manganate to the water, and fortunately experience on a plant scale 
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has indicated that concentrations of about 0.05 to 0.10 p.p.m. are — 
usually effective when conditions are suitable for this special treat- 
ment to be utilized. 

tibilosodiie ot te 
It may be concluded from the above results that superchlorination 
or ammonia treatment is effective in destroying or preventing chloro- 
phenol tastes, but that the potassium permanganate treatment is not 
universally satisfactory, due to the occasional production of secondary 
tastes of a bitter or astringent nature. Final conclusions cannot be 
drawn as to the general applicability of the permanganate treatment 
until more study with various types of waters containing more or less 


SUMMARY 


Hine por ‘CONCLUSIONS obig 2) hess 


i. Superchlorination hes been found the treat- 
ment is expensive. Superchlorination, however, has the great value 
of effectively disinfecting the water and of oxidizing some of the 
miscellaneous organic matter likely to be present in waters, thereby 
improving the general character of the treated water. 

2. Ammonia treatment, when applied before the chlorine dose, is 
effective in preventing the fermation of chlorophenol compounds. 
Successful results may be secured also by the mixture of ammonia and 
chlorine solution before they are introduced into the water to form 
dichloramine, which is a relatively stable disinfectant and does not 
appear to react with phenolic compounds. There is necessity of 
careful study of the effectiveness of chlorination of ammonia treated 
water because it is known that chloramines are less active as disinfec- 
tants than corresponding quantities of chlorine, although the action 
of chloramines persist for longer periods, and thereby may have a 
greater ultimate effect. It would be dangerous, however, to apply 
ammonia treatment to heavily polluted waters unless preliminary 
study indicated that satisfactory disinfection is secured. 

3. Potassium permanganate treatment is flexible, as it may be 
applied to either raw, filtered, or filtered chlorinated water. The 
necessary dose of 0.1 to 0.2 p.p.m. is low, and the cost of chemical 
of about $0.20 per pound is moderate. 

4. Potassium permanganate treatment will not result in the stain- 
ing of clothes, etc., judging from the experience at Rochester, Lacka- 
wanna, Waterloo and Rensselaer. It might be better, however, to 
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treat the raw water, as at Rensselaer, so that insoluble manganese 
compounds will be removed. 

5. Special care must be exercised, when utilizing the potassium 
permanganate treatment, to compensate for its influence upon the 
results of the orthotolidine test for residual chlorine. 
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_ CHLOROAMINES IN THE DISINFECTION OF WATER! 


By Jack J. Hinman, JR.2 AND KENNETH C. BrEEsoNn® 


If ammonia is added under the proper conditions to a solution of a 
hypochlorite, such as calcium hypochlorite, a new compound is 
formed which has properties quite different from either the chlorine 
compound or the ammonia. This compound resulting from the 
reaction between ammonium hydroxide and calcium hypochlorite, 
or bleaching powder, was first investigated by Raschig (1, 2) in 
1907. Analytical evidence showed the compound to be mono- 
chloroamine, NH,Cl. 

In 1901, Noyes and Lyon (3) studied the reaction between ammonia 
and chlorine and found that nitrogen, nitrogen trichloride, and 
ammonium chloride were the products. vg oft 


to 
0 12NH; + N2 + NCls + 


In their experiments with ammonium hydroxide and chlorine, 
Bray and Dowell (4) claim that when so much ammonia was added 
as to make the solution definitely alkaline, a small amount of mono- 
chloroamine was probably present. They support this statement with 
evidence of a reaction with starch and potassium iodide. They 
found that the amount of monochloroamine and the alkalinity slowly 
reduced when the solution was allowed to stand for forty-eight hours. 
Bray and Dowell present equations to support their belief that the 
monochloroamine is an intermediate product in the formation of 
nitrogen. 


© 
(la) NH; + ClO- — NH.Cl+OH- 


(1b) 3NH.Cl — N; + NH; + 3H*+ + 3Cl- hevailod ai 


1 Presented before the Iowa Section meeting, September 29, 1927. 

2 Associate Professor of Sanitation and Chief Water Laboratory Division, 
University of Iowa, Iowa City, lowa. 

3 Assistant Chemist, State Food and Drug Laboratory, Vermilion, South 
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They point out that equation (la) plus equation (1b) is equivalent 
to the following equation which represents the complete reaction 
in an alkaline solution. 


The claim is also presented that the conditions under which the 
monochloroamine decomposes rapidly (1b) seem to correspond with 
the conditions under which nitrogen is formed rapidly in reaction 2. 
Bray and Dowell, therefore, believe that the formation of mono- 
chloroamine constitutes the very rapid primary reaction and that its 
decomposition is involved in the slower subsequent reaction. 

The principal reason for interest in chloroamines is their high 
germicidal value. Disinfectants are generally standardized against 
carbolic acid. Rideal (5) found that chlorine gas had a carbolic acid 
coefficient of 2.18, and that if ammonia was added with the chlorine, 
the coefficient was raised to 6.36 or almost three times as great a 
value. If this is true under all conditions, chloroamines or chlorine- 
ammonia compounds should be of great value in water treatment. 
Taking the germicidal value of chlorine as 200 units in seeking an 
explanation of the high value with chlorine and ammonia one must 
assume the presence of a substance having a coefficient of about 600 
units. Rideal (5) states that the coefficient of ammonia is less than 
0.7, therefore, the compound with the coefficient of 600 units must 
be an entirely different compound from either chlorine or ammonia. 
Rideal claims further that the disinfecting power of these chlorine- 
ammonia compounds restrains bacterial growth for as long as seventy- 
two hours in some cases. 

In considering the probable action of the monochloroamine on the 
bacterial cell, it is instructive to note the manner of action of a 
compound of a nature somewhat similar to that of the chloroamines, 
namely, para-toluene-sodium-sulpho-chloramide. This substance is 
more commonly known as “‘chloramine-T.” According to Dakin (6). 


It is believed that the antiseptic action of the hypochlorites is due to their 
apacity for attacking proteins and related bodies with formation of substances 
containing chlorine linked to nitrogen. The ‘“chloramine-T”’’ itself appears to 
act in the same way, for when brought in contact with proteins, such as blood 
serums or peptones or amino acids, it parts with its chlorine, which attaches 
itself to the nitrogen of the second substance. The ‘‘chloramine-T”’’ repre- 
sents an active antiseptic containing a store of chemically combined chlorine in 


a form which is quite stable. When brought in contact with proteins and 
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similar cell constituents containing basic (NH:) groups, it acts as a chlorinat- oe ap 
ing agent losing its chlorine to the and sherely its 


antiseptic action. 


__ F. W. Tilley (7) found that ammonia added to chlorine decreased _ 
rather than increased the germicidal value of the chlorine in the — 
bsence of organic matter, but that it does tend to prevent deprecia- 
tion of germicidal activity on the addition of blood serum. Bet 
BB. A. Adams (8) found that ammonia added to water retarded Z 
sterilization, but that ultimately the treatment was more effective. Ga : 
The influence of ammonia on the chlorination of water was noticed 
by Rideal (5) in 1910. He found while chlorinating some sewage “Deke teey 
the first rapid consumption of chlorine was succeeded bya slower 
action which continued for some hours, or even days, and was © 
attended by a germicidal power after free chlorine or hypochlorite — 
_ had disappeared. He reasoned that the chlorine, in supplement to 
its oxidizing action, which had been exhausted, was acting by substi- _ 
tution for hydrogen in ammonia and organic compounds yielding — 
products more or less germicidal. Rideal determined free and saline — 
ammonia and found it to be only partially decomposed by chlorine. 3 
He believed, therefore, that ordinarily intermediate compounds xia 
formed, that is, the chloroamines. . 
Probably the most important work in connection with the use of ve 
chloroamines in the sterilization of water was done by Race (9) in eae ¥ 
1915. Race made a series of experiments using ammonium oxalate — hoes a 
and bleach. He assumed the following reaction: 


ag 
7 He found that the velocity of the germicidal reaction of this solu- 


tion was about ten times that of a solution of other hypochlorites of — 
equal concentrations. He attributed this high germicidal value to 
the breaking down of the ammonium hypochlorite to water and 


monochloroamine. ; 


NH,OCI NH.Cl + H,0 biog 


Race then added 0.1 p. p.m. of ammonia to a bleach solution 4 
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as good results as 0.6 p.p.m. of chlorine only. He then tried out = 
: his experiments on a plant scale using the ratio of two parts by ee ; 
weight of chlorine (as bleach) to one part of ammonia. Very satis nals tie 
} : 
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factory results were obtained. In this experiment 0.11 p.p.m. of 
available chlorine from the bleaching powder in combination with 
ammonia gave as good results as 0.9 p.p.m. of available chlorine 
when bleaching powder suspension alone was used. The cost of the 
process was cut from $1.12 per million gallons of water treated for 
the bleach treatment to $0.45 per million gallons for the bleach 
and ammonia treatment. 

Probably the latest work on the use of ammonia in the chlorine 
treatment of water was done by Harold (10). He worked on some- 
what the following plan: The water used was the raw water from 
the Itchen River which gave positive presumptive B. coli tests in 
0.01 ec. and a count on agar of 2200 per cubic centimeter. Mono- 
chloroamine was prepared by the interaction of chlorine with ammo- 
nium carbonate in a solution, the final concentration of which was 
about 25 p.p.m. available chlorine. Dichloroamine was prepared by 
using half of the quantity of ammonium carbonate used in making 
the monochloroamine while the chlorine was kept constant. No 
quantities are given, but the ratio of chlorine to ammonia was from 
8:1 to 4:1. Doses of 0.2 p.p.m. of available chlorine in dichloro- 
amine and 0.3 to 0.4 p.p.m. available chlorine as monochloroamine 
eliminated the organisms in the unclarified water. In more highly 
polluted water it was necessary to increase the dose of monochloro- 
amine to 1.0 p.p.m. of available chlorine and the dichloroamine to 
0.75 p.p.m. of available chlorine. These quantities gave satisfactory 
bacteriological results and no tastes were noticeable. Harold offers 
no evidence in this paper to show that other than ordinary chlorina- 
tion was taking place. He gives no data to support his contention 
that either dichloroamine or monochloroamine were present. 

In another paper (11) Harold takes up the problem again, but the 
work is not conclusive, and it is very difficult to understand what he 
did. His first point is that, if ammonia is added to a water prior to 
chlorination it is possible to get different results by titration of the 
water with sodium thiosulfate in the presence of potassium iodide 
and starch in acid and in neutral solutions. The neutral solution 
had only a fraction of the total chlorine as available chlorine. He 
attempts to point out a relationship between this difference in 
titration values in a neutral and acid solution saying that the germi- 
cidal activity of the chlorine is increased when such a difference is 
shown. He draws the conclusion that a compound of chlorine which 
is readily split by acid is formed under these conditions. =  — 


| 
TH C. BEESON 
R. AND KENNETH C. 
K J. HINMAN, JR. A} 
ae 
| 
‘ 
BY: a | 
| 
4 
4 


_ Harold tried several methods of mixing the ammonia and chlorineso ; 
Jutions and finally came to the conclusion that by pouring the ammonia 
nto the water first and then pouring the chlorine into the somewhat 


concentrated ammonia solution. In his work, Harold found that 
he ratio Cl,: NH;: : 2:1 showed equal quantities of available chlorine _ 


_ He admits that it is necessary for a colloidal material to be present 
before the reaction can be successful. He says that if ammonia is 
added to a solution of chlorine the germicidal velocity is diminished, 
but if a colloid is present the velocity is increased. He believes that 
_ the colloid acts electro-negatively, dampening the effect of the energy — 
of the chemical reaction and favoring the production of chloroamines. 
All of this work was done on an unclarified water, heavily polluted, 
- but he gives no analytical data showing the exact condition of the 
water. From what we know of his work, it is not reasonable to draw ; 
_ the conclusion that the method proposed would be applicable to all 
waters. No appreciation of the effect of nitrites and similar sub- 
stances on the acid filtration is evident. 
In practice the use of chloroamines has been confined to the com- 
_ pounds formed from bleach and ammonia. The first to try chloro- 


experiments and obtained such excellent results that he began > 
treating the water of the Ottawa River on a plant scale. The 
amounts of bleach and ammonia were controlled from dosing tanks be 
and mixed about eight feet away from the raw water intake (12). 
This reduced the period of contact of the two solutions to a minimum. 
He found (13) that when the mixture was used there was a loss of 
available chlorine amounting to only 1.4 to 3.2 percent, while from a 
_ bleach solution alone from 35 to 60 percent of the chlorine was lost. 
- In treating the water of a swimming pool Race (14) found that 
3 p.p.m. of available chlorine did not reduce the bacterial count, 
but that 0.5 p.p.m. of ammonia and 1 p.p.m. of chlorine in bleach 


100,000 per cubie centimeter to less than 100 per cubic centimeter 
with no B. coli in 10 cc. He found also that there were no after- : 
em growths in the water following the treatment which fact he attributed _ 
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diluted ammonia was the best method. He believed that it was a 
matter of the diffusion of a strong chlorine solution through a less tat 
in acid and neutral solutions, and also the best germicidal results. a ie 
Harold credits the greater germicidal power of the chloroamines to E285, 
the reaction of the NH or NH: group with the cellulose and chitin. eee 
amine treatment was Race (9), who, in 1915, conducted a series of a 
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concentration over long periods. Olszewski (15) also found that 
chloroamines were very effective in treating the water of swimming 
pools because of the effectiveness of the residual action. 

At Denver (16) bleach and ammonia were used successfully to 
prevent aftergrowths in reservoirs. The number of bacteria dropped 
from 15,000 to 10 per cubic centimeter and no aftergrowths of the bac- 
teria resulted even in passing the water. through a ten mile conduit. 
In the summer (17) when large numbers of plankton were present in 
the raw water, less ammonia was required than in the winter. 

Monfort and Barnes (18) used chloroamines successfully to combat 
crenothrix growths. They found that for this purpose the concentra- 
tion should not be greater than 1.0 p.p.m. of available chlorine, and 
the solution should be made up fresh every day. In their experi- 
ments 800 cc. samples of water treated with 0.5 to 1.0 p.p.m. of 
available chlorine as chloroamine showed no crenothrix growths at 
the end of seven days while control samples had heavy reddish 
growths of the organism. There were no offensive tastes produced 
except in the samples having the larger amounts of chloroamines. 

Chloroamine made from a 2.5 percent solution of bleach and a 0.22 
percent solution of ammonia was used by Hale (19) in treating the 
Catskill water. A concentration of the mixture containing 0.05 
p.p.m. available chlorine removed 93 percent of the Bact. coli which 
existed in the untreated supply. 

McAmis (20) used the ammonia-chlorine process to combat 
tastes. He added ammonia to the raw water and liquid chlorine to 
the filtered water. No tastes developed, but he found that steriliza- 
tion was retarded, and that it was necessary to allow a greater 
contact period than otherwise would be required. Enslow (21), 
therefore, recommends that the chlorine should be added prior to 
coagulation if the necessary time for contact cannot be obtained 
after filtration. 

In some experiments not yet published Kenneth C. Armstrong, 
chemist at the Metropolitan Utilities Laboratory at Omaha, Neb- 
raska, added a mixture of chlorine and ammonia to the filter effluent 
just before the water entered the clearwater basin. The ammonia 
was added to the solution hose from the chlorine machine. He used 
from 0.44 to 1.01 pounds of ammonia per million gallons of water 
and 3.02 to 3.56 pounds of chlorine. The results obtained were 
practically identical with those obtained when from 3.32 to 3.68 
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EXPERIMENTAL DATA 


While the liquid id chlorine method of treating water is very efficient 
_ in most cases, there are two conditions under which the treatment is _ 
not entirely satisfactory. The first of these is met when objectional oS 
odors or tastes develop through the formation of chloro-phenol 
compounds or other chloro addition compounds. The second 
objection is that in the presence of certain types of organic matter ; 
chlorine is lost within a short time after application through combina- __ 
tion with the organic material. As a result of the reduced quantity __ 
of chlorine available for action on the bacteria, aftergrowths are 
likely to appear. 

Chloroamines formed from a hypochlorite, such as chloride of _ 
lime or bleach, and ammonia eliminate both of these difficulties; _ 
but bleach is now seldom used in the chlorination of drinking waters. 
The question arises whether ammonia or its compounds can be used 
to advantage with liquid chlorine? The purpose of this work is to 
find out if the germicidal efficiency of chlorine is increased by using 
ammonia or its compounds, and, if so, under what conditions will 
this efficiency be the greatest. 

In conducting the experiments 2 liters of water were put into each 
of from four to six glass stoppered, two and a half liter, acid bottles. 
About 5 ce. of a broth culture of Bact. coli, or 100 cc. of the sewage 
were added the day before the experiment was started so that the 
bacteria could become accustomed to the medium. Just before 
beginning the treatment, plantings of 1 cc. of the untreated water in 
petri dishes were made in agar medium for estimating the number of 
bacteria originally present. Whether ammonia or ammonium 
chloride was used, the method of treatment followed was the same 
throughout the entire group of experiments. Since Harold (11) 
in his experimental work found that the best method of treatment 
was to pour the ammonia into the water and then to allow about ten 

seconds to pass before adding the chlorine, this was the procedure 

adopted and closely followed. After adding the chemicals the 
contents of the bottles were thoroughly mixed and 1 ce. quantities 
of the water were removed and planted. 

Free ammonia was determined on each sample before treatment 


pounds of chlori 
_ pounds of chlorine were used alone. is series of experiments = ~~ : 
extended from April 8, 1927 to April 21, 1927. Similar results were 
obtained in an earlier set of experiments in the summer of 1926. Sah. She 
oa 
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with the chemicals, and again two hours after treatment had been 
carried out. The other nitrogen determinations, the determination 
of chlorides, oxygen consumed, iron, and total solids were made on 
the water used in each run. idnal action. 
Distilled water with a broth culture of Bact. coli 


CHLORINE, 0.20 p.p.m. 


BACTERIA Time of exposure 


PER CUBIC 
CENTI- 0 15 30 60 120 
METER | minutes | minutes | minutes | minutes | minutes | 24 hours 


4 
hours 


Bacteria per cubic centimeter 


25 


TABLE 2 


Water from the Milwaukee Railroad softening plant. Vermilion River water 
treated with lime and soda ash and settled with sulfate of iron as a coagulant 


CHLORINE, 0.2 P.P.M. 


BACTERIA Time of exposure 


PER CUBIC 
CENTIMETER | 0 minutes | 15 minutes | 30 minutes | 60 minutes | 120 minutes 


Bacteria per cubic centimeter 


p.p.m, 
None 2,400 76 1,600 
0.2 1,200 38 550 
(0.4 95 27 0 


* Indicates a crowded plate, the bacteria being too numerous to count. 


A large number of experiments were carried out, but for the pur- 
poses of this paper only four typical experiments are reported in 
detail. The findingsare shownintableslto4. My OF 

DISCUSSION OF RESULTS 

Many difficulties were encountered in undertaking this work. 
Among these the determination of free chlorine while conducting the 
experiment was probably the greatest and most annoying. At first 


: 
| 
ADDED 
p.p.m. 
None} 3,300 0 0 10 1 
0.05} 1,700 | 2,600 | 2,760} 1,700] 325 250| * 
0.10 4,500 | 6,300} 2,400 350 140 3, 600 
0.13 5,000 270 460 610 380 yi 
0.20 4,700 510 200 110 360 400 
500 450 500 | 250 $70; 
Ae NH.Cl 
4, 
300 
— 
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an attempt was made to determine the chlorine in both a neutral and ; 
an acid solution by means of potassium iodide and starch. The 


uantities of chlorine used were, however, too small to allow a titration — 


——sUniversity of South Dakota well water with 5 percent sewage coed 
This water had a decided turbidity 
CHLORINE, 0.2 P.P.M. 
BAC- 
TERIA Time of exposure 
NH.Cl PER 
ADDED | CUBIC 5 15 30 60 120 24 48 
CENTI- | minutes | minutes | minutes | minutes| minutes} hours | hours 
METER 
Bacteria per cubic centimeter 
p.p.m, 
A None | 1,960 | 2,200 55 34 30 i) 17 11 
B 0.1 780 44 27 33 21 21 13 3 
Cc 0.2 760 45 3 16 25 0 16 4 
D 0.4 800 17 28 18 30 36 13 6 
AMMONIA NITROGEN 
A B Cc D 
p.p.m,. p.p.m. p.p.m.,. p.p.m, 
Originally present.................... 0.048 0.048 0.048 0.048 
Present after two hours.............. 0.048 0.084 0.108 0.148 
Analytical data 
P.P.M 


to be satisfactorily conducted even with very dilute solutions of 
sodium thiosulfate. Colorimetric methods were resorted to, but 
they failed because it was impossible to get consistent colors. It 
was not possible to prepare standards as often as necessary during the 
three hours the experiment was being conducted. The ortho- 
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tolidine method was finally used, but almost always a lapse of from 
thirty minutes to an hour was necessary before the full or maximum 
color was developed. This suggests interference by nitrites or 


TABLE 4 
Water from the Vermilion city wells with 5 percent sewage 
This water had a decided turbidity 


* Probably contaminated plate. 

other substances. The chlorine ‘geithatiibiatloae are, ‘therefore, not 
included ; but are left for future study. 

Difficulties of technic were generally remedied with experience, 


CHLORINE, 0.2 P.P.M. 
BAC- 
TERIA Time of exposure 
NH.Cl 
womper | | conic | 5 15 30 60 120 24 48 
bis CENTI- | minutes | minutes minutes | minutes minutes} hours | hours 
METER 
Bacteria per cubic centimeter 
p.p.m 
A None | 4,300 | 5,400 | 1,350 | 840 190 26 14 55 
B 0.6 | 3,600 | 4,800 | 1,080 | 300 28 38 19 132 
Cc 0.9 | 5,400 840 440 | 162 21 53 25 | 1,800* 
D 2 , 200 660 200 | 210 6 26 26 244 
AMMONIA NITROGEN 
A B Cc D 
Pp.p.m, Pp.p.m, Pp.p.m. P.p.m. 
Originally present.................... 0.428 | 0.364 | 0.560 | 0.510 © 
0.000 | 0.157 | 0.235 | 0.313 
Present after two hours.............. 0.460 0.470 0.700 0.990 
Analytical data 
P.P.M 


j 
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and for the most part the details of the work were quite simple and 
routine. 

Experiment I was conducted using distilled water to which had 
been added a broth culture of Bact. coli. Six samples were treated 
with amounts of added ammonia varying from none to 0.4 p.p.m., and 
to each sample was added 0.20 p.p.m. of chlorine. The organic 
content of the water was, of course, practically nil, and there would 
be practically no colloidal material present. The results indicated 
(table 1) that the only sample to show efficient disinfection was the one 
to which no ammonia had been added. The sample containing 0.2 
p.p.m. of ammonia gave fairly good results. 

A natural water containing a considerable quantity of organic 
material was used in Experiment II. The sample treated with 0.2 
p.p.m. of chlorine alone, and the one treated with 0.2 p.p.m. of 
chlorine and 0.4 p.p.m. of ammonium chloride gave remarkable 
reductions in fifteen minutes and showed no bacteria present at the 
end of an hour (see table 2). 

In Experiment III using a 5 per cent dilution of sewage, all of the 
samples treated with both ammonium chloride and chlorine showed 
more rapid germicidal action than the one treated with chlorine 
alone. After fifteen minutes, however, all of the samples showed 
about the same degree of disinfection. The data appear in table 3. 

In Experiment IV a water of much greater pollution was used and 
a more rapid disinfection is shown in those samples treated with 
ammonium chloride and chlorine than in the one treated with 
chlorine alone, and the efficiency increases with the increase in the 
dose of ammonium chloride. The results after two hours, however, 
show an equal disinfection in all cases, as appears in table 4. 

CONCLUSIONS 
1. The addition of ammonia with chlorine in the chlorine treatment 
of water retards the disinfection when the water has a low organic 
content and when it is clear. 

2. If the quantity of chlorine added is greatly in excess of that of 
the ammonia, the final efficiency is not hampered in a clear water 
of low organic content. 

3. If the quantity of chlorine is small, so as to be just enough to 
disinfect a clear water of low organic content, the final disinfecting 
efficiency when ammonia is added to such water is never as great as 
it is with the chlorine. 
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4. In turbid waters of high organic content, the addition of 
ammonia invariably increases the germicidal velocity of the chlorine, 
although aftergrowths do not always seem to be prevented. 

5. There seems to be no loss of free or saline ammonia during the 
period of contact under the conditions of these experiments. 

6. From these data it is not possible to determine definitely what 
ratios of chlorine to ammonia are most effective, but in turbid waters 
of high organic content the ratios of Cl: NHg::1:2 and 1:3 seem 
always to give very satisfactory results. 


7. The chlorine-ammonia method may be recommended in eases 
when it is necessary or desirable to treat raw, unfiltered waters, a 
especially if long periods of detention after chlorination and before . 
the water reaches the consumer areavailable. le 
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RESOLUTION OF THE EXECUTIVE COMMITTEE 


The Executive Committee of the American Water Works Associa- 
tion hereby endorses the annerts attitude taken by the official 


cal Circuits on Water Pipes in: to Haq 

1. Objecting to the use of water pipe systems as conductors of electric cur- 

rent and the transfer of any substantial part of the possible life and property 

hazard attending the operation of an electrical system from the system where it 
originates to a water piping system. 

2. Objecting to the interpretation of water works sanction of the protective 
grounding of secondary electric distribution systems on water pipes as a 
license for the indiscriminate use of the piping system for electrical purposes, 
or asa current carrying part of the electric system. 

3. Objecting to all forms of electrical construction such as common neutral, 
and conduit neutral, which by their nature facilitates the escape of current 
from the electrical system to house pipes and the water distribution system. 

4. Requesting American Water Works Association representation on the 
Electrical Committee of the National Fire Protection Association. 


It also specifically approves its representatives’ letters of March 16, 
1929! and of July 23, 1929? to the National Fire Protection Associa- 
tion. 

Passed, September 9, 1929. 


Mr. A. R. Small, Chairman, Engineer fier 
ond 


te 


Electrical Committee, 
National Fire Protection Association, 
109 Leonard Street, 
New York, N. Y. 


Dear Sir: 
Through Mr. G. W. Booth, Chief Engineer of the National Board of Fire 
Underwriters, we have just been advised that the use of a bare neutral con- 


1 JOURNAL, June, 1929, page 828. 
? This JouRNAL, page 1717. a 
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ductor in metallic conduit has been proposed for buildings and that installg- 
tions of this character have been made in Evansville, Indiana and in severa] 
other cities of the Middle West. As representatives of the American Water 
Works Association, speaking for the water works interest we would point out 
that such installations by their very nature not only violate one of the basic 
stipulations embodied in the American Water Works Association resolution 
sanctioning the grounding of secondary electric lighting circuits on water pipes 
but that they are fundamentally contrary to all generally accepted safety 
principles involved in the operation of electric light and water works system. 

Water works operators of course do not own the house piping systems, but 
they do exercise supervision and control over all attachments to their distribu- 
tion system and any method of electrical construction which makes the house 
water pipes and incidentally the water distribution system a current carrying 


account of the life and property hazard attaching to electric current flow 
over piping systems not designed for such use. With the endorsement of the 
Executive Committee of the American Water Works Association, we would 
therefore place this Association on record as being unqualifiedly opposed to 
the bare neutral type of electrical construction and as requesting that the Elec- 
trical Committee give no sanction to this type of construction. 

At the present time, the water works interests whose structures are being used 
to safeguard life and property against electrical hazards resulting from the 
operations of other utilities, are not represented on the Electrical Committee 
or its Grounding Sub-committee but must depend upon indirect contacts for 
information and action regarding changes in electrical construction methods 
which may have a vital bearing on the general safety of water pipe systems. We 
believe this arrangement has always been improper and irregular and recent 
developments in the electrical distribution field demonstrate the desirability of 
Water Works representation upon the Electrical Committee. For this reason, 
and with the expressed endorsement of the Executive Committee of the Ameri- 
ean Water Works Association, we respectfully request official representation 
for this Association on the Electrical Committee of the National Fire Protec- 
tion Association. 


Lag. Nowe ziti Cuas. F. MbyYERHERM, 
Wate: i Representing American Water 
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part of an electrical circuit is objectionable to the water works operator on 
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dt to Glbert€. Walden to 
Born, August 18, 1872, died, August 26,1929 ‘ght 
in 

Albert E. Walden, for many years a member of this Association, _ 
died suddenly on August 26, 1929. Although in poor health for 
sometime Mr. Walden’s death came as a great shock to his many | 
friends and engineering associates. s 

He had resigned only recently as Chief Engineer of the Metropoli- | 
tan District of Baltimore County and it was the hope of his a 
and associates that he would regain his impaired health. 

Mr. Walden was born at Rockland, Maine, August 18, 1872 and 
received his early education and engineering training with the Rock- — Lo 
land & Thomston Gas & Electric Light Company and later with the | 
Edison Company in the construction of the Plant for the Rockland _ 
Thomston & Camden Street Railway. He was associated closely i > ; 


the early development of the electric lighting field with a number of 
companies in New England. For two years he was employed by The 
Elmira Water Light & Railway Company at Elmira, New — 
Later he was with the Mobile Light & Railroad Company, Mobile, 
Alabama, The Freeport Light & Railroad Company, Freeport, tie 
nois and the Calumet Light Company, acting in capacity of Superin- © 
tendent and Chief Engineers in these various enterprises. Fora time — 
he was associated with Dodge & Day, Consulting Engineers and 
with the Stevens Engineering Company. “ae . 
Possibly Mr. Walden was best known in the engineering oan 
as Superintendent and Chief Engineer for the Baltimore County — 
Water & Electric Company, serving in this capacity from 1906 to 
1921. During this period he constructed and operated all the en- 
gineering projects of the above Company and designed and patented © 
a number of engineering appliances. The portable standard test — 
meter for testing water meters in place, designed by Mr. Walden, has 
been used by many companies and public service commissions. He _ 
received also wide recognition for his work in the design and opera- __ 


agent. 
After the sale of the property of the Baltimore County Water & _ 


tion of a water purification system employing ozone as a sterilizing ete 


Electric to City, Mr. Walden was for 
two years to operate the system until it was placed under the super- 
vision of the Baltimore City Water Department. From May 1, 
1924 until April 12, 1929 he served as Chief Engineer of the Baltimore 
County Metropolitan Commission and through his energy and untir- 
ing efforts the extensive work of this commission was carried for- 
ward. His work included organizing and supervising the engineer- 
ing work of the Commission which included the expenditure of 
over $4,000,000 for the construction of approximately 150 miles of 
water mains and 80 miles of sewers and automatic booster pumping 
stations. 

He was an active member of the American Society of Mechanical 
Engineers, the National Electric Light Association and the Engineers 
Club of Baltimore and a number of other engineering societies. He 
was intensely interested in all matters pertaining to engineering prog- 
ress and development and took great interest in assisting young 
engineers. Much credit is due to Mr. Walden for his pioneer work in 
the establishment of vocational training in the school systems in 
Baltimore. He was untiring in his effort to arouse the city officials 
and educators to the desirability and advantage of this type of train- 
ing in the public school system. 

Mr. Walden is survived by his widow, two sons and a granddaugh- 

to Charles Henrp Ade Bae 
gait Died, September 18, 1929 


Charles Henry Ade, of San Antonio, Texas, Southwestern Manager 
for the National Meter Company, died on September 18, 1929 after a 
brief illness, at Easthampton, Connecticut. 

Mr. Ade was 65 years of age, and had been identified with the 
National Meter Company for over twenty years. He was a mem- 
ber of the Rotarian and other good-will organizations, and one of 
the Directors of the South West Water Works Journal. His genial 
personality, unfailing good spirits, and sincere friendliness made him 
one of the most popular figures of the “‘road,’’ as well as in his own 
home town. He will be greatly missed. 

Mr. Ade is survived by a widow, and one Songnees, the child 
of a former marriage. 
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DANIEL KENNEDY | 
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Ried, Fanuarp 14,1929 


Daniel Kennedy, President of The Kennedy Valve Manufacturing 
Company, died at Hot Springs, Arkansas, on January 14, 1929 after a 
short illness. 

Mr. Kennedy was in his eightieth year. He came to America 
from Ireland as a youth of seventeen. In the trade as well as in his 
home city, he was highly esteemed and a leading industrial figure. 
He originated and for half a century guided a firm that was a pioneer 
and leading builder in the valve, fire hydrant and pipe fittings field. 

Mr. Kennedy’s first business venture was in connection with the 
old Boston Dry Dock built in the Erie Basin, Brooklyn, N. Y., in 
1877 and now owned by Robbins Dry Dock & Repair Co. . 

The valve equipment for controlling the flow of water in and out of 
this dock was an important factor in its operation. In competition 
with designs submitted by valve builders of that period, those of Mr. 
Kennedy were chosen, and he was awarded the contract for building 
the gate valves in sizes ranging from 48-inch down, conditioned 
upon making the installation within given time and assuring success- 
ful performance. These valves, located at the bottom of a 35-foot 
pit, were placed on time, met every requirement and even today are 
still functioning perfectly and to the entire satisfaction of engineers 
now in charge. 

The steady conservative growth of The Kennedy Valve Manu- 
facturing Company was the consistent reward for Mr. Kennedy’s 
tireless energy, ambition, natural resourcefulness and scrupulously 
honest dealing. 

Many valves and fire-hydrant design features of the now accepted 
general standards were originated by Mr. Kennedy. 

Mr. Kennedy’s primary interests were in his family and in his 
business, to both of which he was conscientiously devoted. In pri- 
vate life he was of a retiring disposition and had an abundance of 
sterling qualities. His philanthropies were innumerable, but were 
carried out anonymously and with the reserve.that was charateristic 
of the man. With his hundreds of employees, he enjoyed that popu- 
larity which is invariably courted by men in his position, but is 
often lacking. He knew many of his men personally, called them by 
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their first n names, ~ lived to see many of the s sons and even — 
of oldtime employees grow up in the business. 

Besides his widow Mr. Kennedy is survived by three sons, Matthew 
E., J. C. and Clarence H., Treasurer and General Manager, Works 
Manager and General Sales Manager respectively of the Kennedy 
Valve Mfg. Co., and by three daughters, Mrs. John C. Judge of 
Brooklyn, N. Y., Mrs. Alexander H. MacCreery of Tulsa, Okla., 
and Miss Kathleen Kennedy of Elmira. } 

George BH. Snell 


George H. Snell, aged 64, died on April 1, 1929, following an at- 
tack of pneumonia. He was responsible in a large measure for the 
development of the Attleboro, Mass., water supply system. 

He was born at Westport, Mass., March 29, 1864 and received his 
early education in the schools there, later finishing his schooling in 
Fall River. 

He developed a pipe coupling and tee which won favor among 
plumbers and contractors and which is now standard equipment used 
by many gas and water distributing companies. He also invented 
a rainbow gasket to fit onto his couplings and this won wide favor 
not only in New England but elsewhere in the country. He also 
manufactured castings and structural iron. 

In 1887 Mr. Snell was elected water commissioner and superinten- 
dent of water supply in Attleboro and served in this capacity for a 
period of many years. In that period much was done to increase 
the capacity of the pumping system and perfect its efficiency. 

He has served as a director in the Savings & Loan Association, the 
Coéperative Bank and the Steam & Electric Company. He was a 
member of the New England and the American Water Works Asso- 
ciations. 

He is survived by his widow, Mrs. Ida Snell, who is a native of 
Burlington, Me. 


fi 
f 
te 
ic 
fe 
tri 
i 
of 
on 
tu 
= 
M 
at 
bi 
de 
Se 
d 
ae 
Are) 


ABSTRACTS OF WATER WORKS LITERATURE! 


: FRANK HANNAN 

Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Typhoid Fever Epidemic in Fort Wayne, Indiana, Due to Dual Valve Connec- 
tion. Ruta C. Sturtevant. Amer. Jour. Public Health, 19: 9, 144, Sep- 
tember, 1929. A dual water supply system of the Wabash Railroad at Fort 
Wayne, Ind., was responsible for an outbreak of gastroenteritis and typhoid 
fever in February and March, 1929. The railroad secured an auxiliary indus- 
trial supply from a nearby river. A gate valve on the main connecting this 
river supply system with the city mains was left open, permitting the discharge 
of polluted river water into the distribution system. There was no check valve 
on this cross connection. The people living in the vicinity complained of 
turbid water of unpalatable character on February 26. From twelve to twenty 
four hours later a large number of gastroenteritis cases developed character- 
ized by intense diarrhoea, vomiting, pain and extreme weakness. On March 
22 the first typhoid fever cases were reported, the last case being reported on 
May 11. In all, fifty-three cases and three deaths occurred. The Indiana 
State Board of Health prohibited such cross connections on June 1, 1924, and 
at the time a city-wide search was made for such cross connections but unfor- 
tunately this one was not located. It is significant to note that a similar out- 
break occurred in 1923 in Fort Wayne due to the existence of a cross connection 
on the property of the Pennsylvania Railroad, at which time 147 cases and 20 
deaths occurred. Following the recent epidemic, a thorough search has been 
made for cross connections in the city and many such cross connections have 
been located although they were notin use. They have since been eliminated. 
—C. R. Coz. 


Nashville’s New Filtration Plant. Grorce Rerer. The American City, 
41: 3, 93-94, September, 1929. A modern rapid sand filtration plant is being 
constructed by the city of Nashville, Tenn. Designed rate of flow is 28,000,000 
gallons per day. Plant consists of a grit chamber, mechanical mixing basins, 
sedimentation basins, filters, and clear water basin. The grit chamber pro- 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of codperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
10 
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vides a detention period of thirty minutes at designed rate of flow; large parti- 
cles of sand and grit are deposited in this basin. Twelve mixing basins, 42 
feet long by 25 feet wide and 17 feet deep, are so connected as to operate either 
in parallel, or as a group of six pairs. These basins provide a forty-minute 
detention period at designed rate of flow and mixing velocity of about 0.8 feet 
per second is secured by motor driven paddles. Special care has been exercised 
in design of conduits and basins to prevent eddying and short-circuiting. A 
stilling chamber is placed at entrance end of sedimentation basins, by the use 
of a perforated wall. A designed velocity of 1 foot per minute is provided in 
these basins. Twelve rapid sand filter units, with a capacity of 24 million 
gallons each are utilized. These are fitted with the so-called false bottom 
collecting system, which consists of a reinforced concrete false bottom located 
21 inches above floor of filter unit and perforated at 6-inch centers with }-inch 
brass nipples, into which umbrella type brass strainers are screwed. Eighteen 
inches of gravel and 30 inches of sand of the conventional size are utilized. 
The clear water basins are located under each group of filters and provide stor- 
age period of sixty minutes at designed rate of flow. The principal storage 
facilities, however, consist of the existing 50,000,000-gallon reservoir located 
in the heart of the city. Dry feed lime and alum dosing equipment is used and 
equipment for chlorinating the filtered water is also provided. An unusual 
feature in the design is the placing of baffles in collecting conduit at point 
where chlorine dose is applied, to insure thorough mixing of water with chlor- 
ine. Another somewhat unusual feature is provision of wash water tank ata 
considerable elevation, so as to provide an available pressure of 20 pounds per 
square inch at filters. Rate of wash water flow is adjusted by conventional 
controller to 15 gallons per square foot per minute. Each filter is provided 
with a rate controller and these, in turn, with a master controller, making 
regulation of the total quantity of water being filtered convenient.—C. R. Coz. 


Regulations for Water Taps and Services. PartI. C. Ketsey MaTuews. 
The American City, 41: 3, 95-7, September, 1929. This is the first part of a 
series of abstracts made by the American City of pamphlets issued by munici- 
pal water departments and private companies relative to the above subject.— 
C. R. Coz, 


Hagerstown Water-Works Safe from Flood. ALBertT Hearp. The Ameri- 
can City, 41: 3, 121-2, September, 1929. The city of Hagerstown, Md., has 
recently completed a modern rapid sand filtration plant and the necessary 
intake structure on the Potomac River near Williamsport, about 7} miles from 
city. The Potomac River at this point varies in elevation about 32 feet, so 
intake structure had to be constructed accordingly. A concrete intake was 
constructed along banks of river with boom for protection against ice and drift. 
A concrete tunnel was built from intake to a suction well, the water being 
piped through the tunnel in two 30-inch cast iron pipes in order to secure higher 
velocities than would occur were the full size tunnel utilized. Pump pit, 48 
feet in diameter and 48 feet deep, contains three DeLaval motor-driven centri- 
fugal pumps together with other smaller pumps. A mixing basin with de- 
signed period of thirty-five minutes is provided with ‘‘over and under’ wooden 
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baffles. Two coagulating basins with designed period of three hours are also 
utilized. Ten rapid sand filter beds, with a capacity of 1,000,000 gallons per 
day each, are used. An unusually large clear water basin with capacity equal 
to three hours pumpage is provided under these filters. Flood protection is 
secured by an earthen embankment 12 feet high surrounding the entire plant. 
An emergency sump has been built to take care of back water from the waste 
drain, sump pump being driven by gasoline engine provided for use in case 
electric power should fail. Plant complete cost approximately $600,000.— 
C.R. Coz. 


Is Water-Meter Maintenance a Necessary Evil? J. H. Mutzison. The 
American City, 41: 3, 140-2, September, 1929. Description of the system util- 
ized by the Kansas Water Company in installation, supervision, and testing 
of meters owned by the Company. A very complete system of records and 
card indexes is utilized covering about 25,000 meters and, it is stated, main- 
tained by a single clerk in about one-half of his working time.—C. R. Coz. 


A Survey of Water-Meter Rates in the United States. PartIV. The Ameri- 
ean City, 41: 3, 167-173, September, 1929. This is part four of a survey of 
water meter rates secured from statistics published in The Municipal Index 
for 1929.—C. R. Coz. 


Economic Diameter of a Pumping Main. Cuas. F. Lapwortu. Water and 
Water Engineering, 31: 365, 199-202, May 20, 1929. The author after discuss- 
ing hismathematical study of this subject concludes that the economic velocity 
through a pumping main, generally speaking, is between 2} and 3} feet per 
second, being greater for the larger quantities and the smaller number of daily 
pumping hours; the economic diameter is independent of the main length; it is 
better to err on the large, rather than on the small side, in choosing a main size; 
and a wide range of prices has little effect on the solution.— Arthur P. Miller. 


City of Birmingham Water Department—History of the Undertaking. Anon. 
Water and Water Engineering, 31: 365, 202-207, May 20, 1929. History of Bir- 
mingham water supply from earliest attempt to provide water, in 1808, up to 
1914, when funds were authorized to build Elan Valley Works. The watershed 
is hilly, rocky country, surface rights of which are owned by Corporation of 
Birmingham. Population on watershed is under 200. Six impounding reser- 
voirs are planned; three have been built on River Elan. From storage reser- 
voirs, water passes through mile-and-a-quarter tunnel to 30 rough sand filters 
with area of 2? acres. Present rate of filtration is about 2,000 gallons per 
square yard per day, but ultimate rate will be three times as great. After 
filtration, a small amount of alkali is added to prevent any action on lead pipes 
in the supply system. The author describes in some detail power works, 
afforestation on watershed, the 73}-mile aqueduct with its 11 siphons passing 
over the larger valleys, and two additional storage reservoirs located closer 
to point of distribution. A small reservoir originally built to supply water to 
construction village at Caban Reservoir, has been adapted for research work 
on hydraulies.—Arthur P. Miller. 
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Birmingham Waterworks—More Recent Developments. J. W. WILKINson, 
Water and Water Engineering, 31: 365, 208-212, May 20, 1929. This article 
first discusses rainfall on the Birmingham watershed which has been found to 
be over a long period 67.2 inches perannum. Valuable data are being collected 
by means of weirs installed on one of the unfinished dams on dry weather flow 
of streams feeding water supply system. Information is also presented on 
flood records over the Caban Dam. Some experimental work has been done 
on treatment of this water. Fora short period it was treated with lime at rate 
of 0.75 grain per gallon, but later powdered chalk was substituted in the amount 
of 1 to 1} grains per gallon. From the chalk, insoluble matter was deposited 
in the aqueduct. The pH of the raw water varies from 5.4 in winter to 5.9 in 
summer. With the use of chalk, the pH was not steady but averaged about 
7.5. In 1923, silicate of soda was used in place of chalk at rate of 0.55 to 1.0 
grain per gallon. This reduced corrosion and maintained a steadier pH at 6.8, 
which, however, was ineffective to prevent corrosion of cast iron and steel 
mains in siphons. Additional study indicated that pH of 8.0, necessary to 
prevent this, could not be economically attained by use of silicate of soda. 
Return was therefore made to treatment with hydrated lime, which is now 
added at rate of 0.42 grain per gallon. The pH now varies but little, being 
about 8.3. In 1912 it was recognized that additional water supply was neces- 
sary and three schemes considered, of which one calling for an additional line 
of pipes from gathering grounds in Wales was adopted. This main, however, 
was not installed until after the war and then only bit by bit as was needed to 
maintain the supply which was subject to frequent interruption by bursts on 
the two old mains. These breaks were found to occur mostly after long dry 
spells, and have been attributed primarily to shifting of the earth loading over 
them because of deep cracks developed under the dry conditions. This trouble 
forced the development of a concrete cradle around lower half of each pair of 
pipes and also caused the installation of 32 cross-connections between the two 
old mains. In view of this trouble with bursting mains, writer suggests that 
proper bedding of large cast iron pipes is of importance equal with that of their 
quality and thickness. Article includes a discussion of different types of pipe 
used in new main laid after the war. Scraping and cleaning of the corroded 
cast iron mains on the Elan aqueduct have been undertaken since 1921. After 
some twenty years of use, material to the quantity of four tons per mile has 
been removed from a pipe 42 inches in diameter. The advantage, after 12 
months of scraping and cleaning these aqueducts, is questioned by the writer, 
because against the gain represented by increased flow must be balanced the 
loss in normal flow during cleaning operations. Whatis needed badly is a form 
of pipe coating which can be applied after the cleaning work to prevent further 
corrosion. The article is closed with discussion of new type of automatic inlet 
and construction work on new Bartley reservoir.—Arthur P. Miller. 


A Novel Australian Pumping Plant. Anon. Water and Water Engineering, 
31: 365, 212, May 20, 1929. This plant, claimed to be first of its kind in the 
world, operates electrically, is fully automatic, and represents a new principle 
in engineering. The crank shaft common to reciprocating engines has been 
eliminated and the reciprocating movement of the piston changed, rotary mo- 
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tion biting Aclivered at the desired speed without external gearing. Float 
switches control the pumps.—Arthur P. Miller. 
Wenalt Reservoir, Cardiff. Special Construction Works. G. W. Cover. 
Water and Water Engineering, 31: 365, 213-219, May 20, 1929. A rather tech-— 
nical discussion of the geology of location on which this new reservoir is situ- 
ated, of certain subsidences which took place during construction, and of the 
exploration work done. Writer also discusses cementation of the boreholes 
with the idea of sealing fissures near the surface, removal of some superficial 
deposits, and reasons for modifying the reservoir design.— Arthur P. Miller. — 
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Shanghai Waterworks. Anon. Water and Water Engineering, 31: 365, 
229-230, May 20, 1929. A gain of 12 percent in population of Shanghai since 
1921 makes the consumption total something over 13 million gallons. The 
increasing demand has caused the owning company to add steadily to its puri- 
fication and pumping plants and to its distribution system. Demand for water 
fluctuates greatly. The heavy peak load is usually reached in forenoon and is 
exceptionally pronounced on a fine day following s series of wet ones. The 
source of supply is the very turbid and unclean Wangpoo River. Ona bad day 
bacteria reach 20,000,000 in a tumblerful. The purification works remove 
on average 99.99 per cent of the bacteria. The article also touches upon the 
engines, boilers, and machinery in pumping plant.—Arthur P. Miller. 


Iodometric Determination of Small Quantities of Copper. C. Dani. Tids. 
Kemi Bergvesen, 7: 8-10, 1927. From Chem. Abst., 22: 2526, July 20, 1928. 
Accuracy of titration was studied in determining amounts of about a few tenths 
milligram of copper. Titrations were carried out in volume of 10 ec. with 
0.02 N thiosulfate from l-cc. buret graduated in hundredths of a cubic centi- 
meter. Suitable amount of potassium iodide was found to be 0.2 gram. 
Addition of hydrochloric or sulfuric acid caused too high results. Accurate 
determination of amounts from 0.1 to 0.2 mgm. copper were obtained with 
addition of 0.24 to 5.0 ce. pure acetic acid, that is, even up to 50 per cent acetic 
acid in titration liquid. Maximum error was 0.009 mgm., results being 0.001 
to 0.009 mgm. higher than exact values. All titrations in acetic acid solution 
were finished in one to three minutes and limit was very sharp. If volume is 
increased, or if less potassium iodide is used, titration time is increased and 
limit islesssharp. Titrations in neutral solution gave same results as in acetic 
acid solution. Presence of reasonable amounts of ammonium nitrate does not 
interfere with accuracy, but titration time is somewhat increased. Considera- 
ble amounts of ammonium acetate will make reaction incomplete.—E£. E£. 
Thompson. 


_ Test Results for Centrifugally Cast Iron Pipe. H. Konster. Gas u. Was- 
serfach, 71: 391-3, 1928. From Chem. Abst., 22: 2535, July 20, 1928. Tests 
of ordinary and centrifugally cast iron pipe show that latter are much stronger. 


Bs 
7 
ABSTRACTS OF WATER WORKS LITERATURE 1727 
) 
| 
q 
Tig 
= 
Ae 
j 
} 
Ceri, 
an 
| 
; 


Annealing of Copper. N.R.Sransev. Gen. Elec. Rev., 30: 276-80, 1927; 
Sci. Abstracts, B., 30: 405. From Chem. Abst., 22: 2544, July 20, 1928. An- 
nealing at proper temperature will restore original properties to metal whose 
grain shape and properties have been altered by cold work. Essential condi- 
tions for copper annealing are: temperature limits of 315-400°, uniform dis- 
tribution of heat flux, and neutral atmosphere in furnace.—R. EZ. Thompson, 


Corrosion of Copper and Brass in Reference to the Condenser-Tubing Prob- 
lem. V. Durrex. Korrosion u. Metallschutz, 4: 56-8, 1928. From Chem. 
Abst., 22: 2541, July 20, 1928. Distilled and natural waters, in presence of 
air, cause formation of initial protective layer of oxides on copper. Layer 
then becomes darker and porous, permitting attack beneath. In presence of 
air, copper is readily attacked even by very dilute acids, and also by aqueous 
solution of sodium or potassium hydroxide. In partially immersed specimens, 
corrosion occurs rapidly at air-liquid boundary; localized aération causes 
pitting. Brasses behave in same manner as copper. Additions of 0.01 to 0.02 
per cent arsenic to alloy prevent localized attack. Brasses are subject to 
localized corrosion by stray currents.—R. EF. Thompson. 


_ASmall Filter for Water Softening. E.Quitmann. Gesundh. Ing., 51: 340- 
2, 1928. From Chem. Abst., 22: 2629, July 20, 1928. Zeolite filtration is 
probably simplest process for small plants. Small zeolite softener, using 
material known as ‘‘Natrolith’”’ as softening agent, is described. Water pro- 
duced has zero hardness, whereas soda-lime process yields water with hard- 
ness of 2to3°. ‘‘Natrolith’’ will remove iron, manganese, lead and ammonium 
compounds to certain extent, also many colored substances.—R. E. Thompson. 


Iodine Content of Some Water Supplies in Goitrous Regions. G. H. Brcx- 
witH. Proc. Soc. Exptl. Biol. Med., 25: 117, 1927. From Chem. Abst., 22: 
2629, July 20, 1928. Determinations of iodine in drinking water of several 


low content of iodine.—R. LE. Thompson. 


Wells and Springs of Somerset. L. RicHarpson and W. WHITAKER. 
Dept. Sci. Ind. Research, Mem. Geol. Survey England, 1928, 270 pp. From 
Chem. Abst., 22: 2628, July 20, 1928. Analyses and bibliography given.— 
R. E. Thompson. 


Water Sterilization by Chlorine. F. Drtnertr. Tech. sanit. munic., 23: 
50-8, 1928. From Chem. Abst., 22: 2629, July 20, 1928. Lethal dosage of 
chlorine for cholera bacillus in water was 0.2 p.p.m. Dysentery bacillus re- 
quired approximately twice dosage necessary to destroy B. coli. Flexner 
dysentery bacillus required dosage of 0.18 p.p.m.; Shiga bacillus 0.15 and 
B. paratyphosum 0.2 p.p.m. Similar results were obtained with both liquid 
chlorine and sodium hypochlorite in water treatment. Chlorine in chlorine 
peroxide was fully as efficient as chlorine in sodium hypochlorite or as liquid- 


present, nature of bacteria, and clearness of the water.—R. E. Thompson. 


towns and cities in Illinois and in several other goitrous regions showed very 


chlorine. Theories of microbial destruction by chlorine are discussed. Chlo- Le 
rine treatment of water must be varied according to amount of organic matter _ 


~ 
728 S LITER: 
1728 ABSTRACT WATER WORKS LI 
| 
| 
4 
| 
pal 
af 


Det 
Weekblad, 25: 226-8, 1928. From Chem. Abst., 22: 2630, July 20, 1928. Ac- 
curacy of several methods (WINKLER, Romisn, Suir) for determination of 
oxygen in water was studied. WinKLER method gave satisfactory results, 
accurate to 0.008 cc. per liter, when organic matter was not too high. Results 
tabulated.—R. Thompson. 


Pollution Problems in the State of Washington and Their Solution. H. W. 
NiGHTINGALE. Trans. Am. Fish. Soc., 57: 294-300, 1927. From Chem. Abst., 
22: 2630, July 20,1928. Domestic sewage free from trade wastes is not harmful 
to fish life unless it reduces oxygen content to less than 30 percent saturation. 
Sulfite wastes from pulp mills are very destructive, since wastes from 50-ton 
sulfite mill equal sewage from city of 81,000. No special toxic action with 
sulfite wastes has been found. Wastes from mill using lime soda process have 
proved very destructive to young fry. Black ash wastes are very destructive 
to seed clams. Discussion of legal control of industrial wastes is included.— 
R. E. Thompson. 


Toxicity Experiments with Fish in Reference to Trade Waste Pollution. D. 
L. Betpinc. Trans. Am. Fish. Soc., 57: 100-19, 1927. From Chem. Abst., 
22: 2630, July 20, 1928. Factors that must be considered in studying effect of 
water pollution on fish outlined and effects of various chemicals on fish life 
described. Copper sulfate shows wide variations in toxicity.—R. E. 
Thompson. 


The Law Relating to the Pollution of Rivers (England). A.trrep Bessinc- 
ton. Munic. Eng. Sanit. Record, 79: 436-7, 1927. From Chem. Abst., 22: 
2630, July 20, 1928. Comment on Rivers Pollution Prevention Act, 1876, West 
Ridings of Yorkshire Rivers Act, 1894, and Salmon and Freshwater Fisheries 
Act, 1923.—R. E. Thompson. 


Treatment of Feed Water. W.G.Carry. Fuel Econ. Rev., 6: 36-9, 1927. 
From Chem. Abst., 22: 2630, July 20, 1928. Review.—R. E. Thompson. 


Heat Transfer in Heating Tubes. Werner Erkmann. Arch. Warmewirt, 
9: 5-8, 1928. From Chem. Abst., 22: 2652, July 20, 1928. Tests were made on 
two-pass waste heat boiler, heat transfer formula being developed: k = 98 X 
10-1 d 4-9 + 88 w/d, where k is heat transfer in kilogram calories per square 
meter per hour per degree, and d the temperature difference between gas and 
water.—R. Thompson. 


Purifying Tannery Wastes. J. T. Travers. U. 8. 1,672,586, June 5. 
From Chem. Abst., 22: 2682, July 20, 1928. Reaction is effected between acid 
and alkaline wastes and waste is freed from suspensoids precipitated as result 
of such reaction: after removal of these suspensoids, waste is treated with 
reagent such as ferrous sulfate, or alum, capable of precipitating colloidal and 
finely suspended materials and liberating nascent oxygen and latter is per- 
mitted to affect further purification and precipitated colloids are coagulated.— 
R. E. Thompson. 
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Hetch Hetchy Water Project. Eng. News-Rec., 102: 238, February 7, 1929, 
Approval in 1928 of bond issues totaling $65,000,000 provided sufficient funds 
for finishing 168-mile aqueduct, as well as for purchasing distribution system 
of Spring Valley Water Co. There remain to be constructed 29 miles of tun- 
nel through Coast Range and 45 miles of steel pipe line across San Joaquin 
Valley to connect Coast Range and Foothill tunnels. It is expected to deliver 
Hetch Hetchy water into San Francisco in 1932.—R. E. Thompson. 


Mokelumne Water Supply. Eng. News-Rec., 102: 238, February 7, 1929, 
Rapid progress was made by East Bay Municipal Utility District on Moke- 
lumne project during 1928. At Pardee dam, which provides main storage for 
new source of supply, concrete was 70 per cent completed on January 1, 1929. 
Expected that this 600,000-cubic yard structure will be finished one year in 
advance of contract time. Excavation of 2.2-mile outlet tunnel from reservoir 
has been completed and concrete lining is well started. The 95-mile aqueduct 
consisting chiefly of 65-inch longitudinally welded steel pipe has been finished. 
—R. E. Thompson. : 


San Gabriel Dam. Eng. News-Rec., 102: 238, February 7, 1929. Contract 
has been awarded and preliminary work is under way on record-breaking San 
Gabriel dam for Los Angeles County Flood Control District. Located on 
San Gabriel River, this structure, of arched gravity type, 430 feet above 
streambed and almost 500 feet above deepest rock excavation, will have 
capacity of 240,000 acre-feet to be used for flood protection and water con- 
servation. Flood protection is to be assured by reserving about 85,000 acre- 
feet for this purpose. Dam will contain almost 4,000,000 cubic yards of 
concrete. Contract calls for completion in 6 years.—R. EZ. Thompson. 


Diablo Dam for Seattle Power. Eng. News-Rec., 102: 238, February 7, 
1929. Diablo dam, for city of Seattle hydro-electric development on Skagit 
River, was about 25 per cent completed on January 1. Nearly 400 feet high, 
this constant angle arch dam will contain 300,000 cubic yards of concrete and 
store 90,000 acre-feet for immediate use in the present Gorge plant. Proposed 
second plant at dam site will later also utilize storage provided. Completion 
expected in about one year.—R. EF. Thompson. 


Coolidge Multiple-Dome Dam. Eng. News-Rec., 102: 239, February 7, 
1929. Closure of Coolidge multiple-dome dam on Gila River in Arizona was 
effected on November 15, and storage was begun about nine months ahead of 
schedule. Reported that no cracks or other defects have developed. Struc- 


joining Salt River irrigation project.—R. E. Thompson. 


Saint Louis Water Works Extension. Eng. News-Rec., 102: 239, February 


clude intake and 87,000 feet of 60-inch riveted steel pipe leading to 100-millio 
gallon Stacy Park covered reservoir. Filtration plant and accessories are wel 


ture will store 1,200,000 acre-feet of water to be used for irrigating land ad- | 


7,,1929. New water plant on Missouri River has been nearly completed. It 
is hoped to have entire plant in operation in March. Completed portions in-— 
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advanced, together with the pumping and boiler plants. The turbine cen- 
trifugal pumps are installed and in readiness for operation. These include — 
100-million gallon per day and two 50-million gallon per day low-service pumps, __ 
and two 60-million gallon per day high service pumps.—R. E. Thompson, aie 


Sanitary District of Chicago. Eng. News-Rec., 102: 240, February 7, 1929. 
Progress on sewage treatment plants of Chicago Sanitary District are outlined. 
Since granting of permit by Secretary of War on March 3, 1925, for diversion 
of water from Lake Michigan, construction work to value of $47,500,000 has 
been carried out. Value of construction work to date on sewage treatment 
program has been $78,500,000.—R. E. Thompson. 


United States Reclamation Dams. Eng. News-Rec., 102: 238, February 7, 
1929. Brief data given regarding status of dams under construction by Bureau 
of Reclamation.—R. E. Thompson. 


Detroit River Tunnels. Eng. News-Rec., 102: 239, February 7, 1929. 
Twin vehicular tunnels under Detroit River, between Detroit, Mich., and 
Windsor, Ont., are under construction. River portion is to be of steel and 
concrete, in ten 248-foot sections, partly built up on land, floated to site and 
sunk in trench on river bottom. One section has been launched and 2 are 
under construction. Outside diameter is to be 30 feet. Portion of tunnels 
flanking river sections are to be shield-driven.—R. EZ. Thompson. asi 

New York Water Supply Extensions. Eng. News-Rec., 102: 241, February _ ae 
7, 1929. Four contracts were let by Board of Water Supply late in October _ 
for new pressure tunnel, 17 feet in diameter and 20 miles long, to supplement | 
the one already in use for delivering water from Catskill aqueduct system. 
Plan for obtaining water from floodwaters of 5 New York tributaries of Dela 
ware River and from Rondout Creek was approved in January but no appro- 
priation was made available pending receipt of opinions on legality of plan. 
Proposal to develop 150 million gallons per day from wells on Long Island was 
removed from calendar of the Board at close of year.—R. E. Thompson. 


Saluda Dam. Eng. News-Rec., 102: 240, February 7, 1929. Hydraulic 
sluicing has been started on the great earth-fill dam on Saluda River, 10 miles — 
west of Columbia, 8. C., being built by Lexington Power Co. When finished, — 
dam will contain more than 11,000,000 cubic yards of fill and will create reser- 
voir of 100 billion cubic foot capacity. Maximum toe to toe width will be 
1150 feet and crest length will be nearly 8,000 feet. Project is expected to be 
finished about September 1, 1930, and will cost approximately $22,000,000.— 
R. E. Thompson. 


Boston Metropolitan Water Project. Eng. News-Rec., 102: 241, February 
7, 1929. Contract was let on April 30 for completion of 13}-mile tunnel from 
existing Wachusett reservoir on Nashua River in West Boylston to Ware 
River in town of Barre, to provide additional water supply for Boston Metro- 
politan District. Total of about 4 miles of tunnel has been driven. War _ 
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Department acted upon request to divert water from Ware River through this 
tunnel and application is now pending on request to divert water from Swift 
River, which will involve extension of tunnel for about 11 miles. Diversions 
are opposed by State of Connecticut as injuriously affecting its rights in Con- 
necticut River. Tunnel under construction will divert floodwaters from Ware 
River above a diversion dam. Storage reservoir will be required on Swift 
River.—R. E. Thompson. 


Dam Construction and Design. THapprvus Merriman. Eng. News-Rec., 
102: 213-6, February 7, 1929. General discussion of practice and trends in 
dam construction and design, with particular reference to the safety of these 
structures.—R. E. Thompson. 


Report on Boulder Dam. Eng. News-Rec., 101: 887-9, December 13, 1928, 
Board of engineers and geologists appointed under resolution of Congress have 
examined both Boulder Canyon and Black Canyon sites suggested for con- 
templated dam in Boulder Canyon region of Colorado River and found them 
both feasible for construction of dam 550 feet high to impound 26,000,000 acre- 
feet of water, latter site being considered preferable. Dam proposed by 
Bureau of Reclamation is of gravity type, curved in plan, with allowable 
stresses as high as 40 tons per square foot. Board believes that dam should 
be designed for maximum calculated stresses not exceeding 30 tons per square 
foot. Construction of power house below dam and proposed All-American 
Canal to supply water to Imperial Valley also reported feasible. Board 
believes proposed dam will be adequate to so regulate flow of lower Colorado 
as to control ordinary floods. Annual silt deposition in reservoir is estimated 
at 137,000 acre-feet per year, at which rate complete silting of reservoir would 
require about 190 years. Under present conditions of irrigation, continuous 
output of 550,000 horsepower is considered possible. Cost of dam, power 
plant, and canal is estimated at $165,000,000 and construction period at seven 
years.—R. E. Thompson. 


Water Consumption in English and Scotch Cities 19 to 98 Gallons. JoHN 
Bowman. Eng. News-Rec., 102: 145, January 24, 1929. Domestic water 
consumption in 17 English and 14 Scotch cities tabulated, former ranging from 
19 to 39 and latter from 39 to 98 United States gallons per capita per day. 
Higher consumption in Scotland is attributed to different system of sanitation, 
water-carriage method being employed throughout country. Data included 
for increased water use following installation of various plumbing fixtures.— 
R. E. Thompson. 


Second Hydro-Electric Plant on Chippewa River. Eng. News-Rec., 102: 
106-8, January 17, 1929. Illustrated description of new 21,600-kilowatt 
Chippewa power plant and dam in Wisconsin, which is latest addition to sys- 
tem of Northern States Power Co., Minneapolis, Minn.—R. E. Thompson. 


Effect of Temperature on the Strength of Concrete. C. C. Winey. Uni- 
versity of Illinois. 


Eng. 102: 179-81, 1929. The effect of tem- 
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perature on the strength of concrete was determined, employing 6 x 12 inch 
cylinders, the results being shown graphically. In one series specimens were 
stored at the following approximate temperatures: 5°, 35°, 70°, 100°, and 205°F. 
Conclusions: (1) At 100°, the same strength is obtained in approximately half 
the time required at 70°. (2) At 35°, somewhat more than twice the time is 
required to reach the same strength as at 70°. (3) At all ages between three 
and twenty-eight days, the difference in strength is practically 30 pounds per 
square inch per degree Fahrenheit. (4) Frozen concrete shows practically no 
gain in strength. (5) Curing in saturated steam vapor (203 to 208°) has a 
deleterious effect, a slight increase in strength during the first few days being 
followed by a decided retrogression. Cylinders broken while still frozen at 
age of seven days had strength greater than that obtained at 28 days with nor- 
mal curing at 70°. A second series of cylinders was stored in a moist room at 
70°, groups being removed and place in a refrigerator at 5° for four days at the 
ages of one, three, five, seven and ten days, then thawed and returned to the 
moist room. Conclusions: (1) Frozen concrete when thawed out, again begins 
to gain strength. (2) Both the rate and magnitude of the gain in strength 
depend on the age at which the concrete is frozen and are materially less for 
the early ages. (3) Concrete frozen before a certain age, which may be termed 
the critical age, suffers permanent damage. (4) The critical age is apparently 
that at which the cement paste has developed sufficient strength and adhesion 
to the aggregate that free water cannot collect around the rock particles and 
in freezing break the bond with the cement. (5) For the mix and materials 
used in the experiments, the critical age appears to be between seven and ten 
days. The critical age is probably greater for leaner mixes and with coarser 
aggregate. (6) The strength of concrete frozen at the age of one day is less 
than half of that of unfrozen concrete. That frozen at three to five days has 
an indicated permanent loss in strength of 15 to 20 per cent. The loss in 
strength at seven days is small, if any, and at ten days no ultimate loss occurs, 
but the rate of gain in strength is distinctly retarded. It is recommended that 
all concrete be protected from freezing for at least 1 week at a temperature of 
70°F., or twice as long at 35°.—R. E. Thompson (Courtesy Chem. Abst.). 


Progress on Hetch Hetchy Water Supply Tunnels. Eng. News-Rec., 102: 
171, January 31, 1929.. A 4-mile section of the 16.7-mile Foothill division of 
Hetch Hetchy aqueduct was holed through on December 6. Center lines of 2 
headings as checked up on holing through were found to be 0.45 foot apart. 
Grades checked to 0.04 foot. Considerable water was encountered under 
pressures as high as 350-400 pounds per square inch, as much as 500 gallons 
per minute coming into heading at times through a single drill hole. Con- 
struction has been begun on 28.6-mile length of tunnel in Coast Range division. 
In addition to east and west portals, 2 portals will be opened in Alameda Creek 
and 10 other headings will be driven from 5 shafts ranging in depth from 254 
to 760 feet. —R. HE. Thompson. 


Electrical Subsoil Exploration and the Civil Engineer. Irvine B. Crossr 
and SHerwin F. Ketty. Eng. News-Rec., 102: 270-3, 1929. The electrical 
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exploration method of determining subsoi nditions is outlined and its a ae CaN 


plication to such problems as the determination, of bedrock position at dam 
sites is discussed. The method is based upon the fact that the various ma- 
terials constituting the earth’s crust offer different degrees of resistance to the 
passage of electric current. The electrical field created by the passage of g 
direct current between 2 earth contacts at the surface of the ground is regular 
in character if the ground is homogeneous, whereas if there is a mass present 
which is more resistant or more conductive than the adjacent material the 
field is distorted. When there are a number of strata of varying characteris- 
tics only an approximate solution can be reached, but when the beds are hori- 
zontally homogeneous and well differentiated vertically the problem can be 
solved with fair accuracy. The method was applied to the study of 2 dam sites 
on the Connecticut River near Littleton, N. H., in connection with the Fifteen 
Mile Falls development of the New England Power Association. The results 
obtained are described. Electrical prospecting will not eliminate drilling, but 
it will greatly reduce the cost by concentrating such drilling on checking the 
crucial conclusions of the electrical survey.—R. E. Thompson (Courtesy Chem, 
Abst.) 


High-Speed Construction Methods at Pardee Dam. C. E. Grunsky, Jr, 
Eng. News-Rec., 102: 258-62, February 14, 1929. Illustrated description of 
construction of Pardee dam, which is to store water on Mokelumne River for 
East Bay Municipal Utility District in California. Dam is of curved gravity 
type, will be 357 feet high and will create reservoir of 240,000-acre-foot capacity 
to store runoff from 575-square mile watershed. Annual runoff at dam site is 
estimated at 900,000 acre-feet. Total volume of concrete in dam will be 615,000 
cubic yards, all of which is to be in place, according to contract, by January 
5, 1931. On January 1, 1929, contractor was about 350 days ahead of schedule, 
more than 70 per cent concrete having been placed by February 1.—R. E 
Thompson. ' 


Geophysical Foundation Study by Explosion-Wave Method. A. T. Parsons. 
Eng. News-Rec., 102: 273-5, 1929. The explosion-wave method of investigat- 
ing underground conditions, developed in mining and oil field work, is de- 
scribed and its possible application to such problems as the study of dam sites 
is discussed. A sensitive receiving device, termed a receptor, is placed a few 
feet below the surface of the ground and connected with an instrument which 
photographically records the time required by the energy sent out by an ex- 
plosion to travel from the point of the explosion to the receptor. From the 
records so obtained the depth of level interfaces can be calculated accurately 
by means of a formula, which is given. For inclined or irregular interfaces 
various corrections have been devised, and formulas have been developed for 
determining successive depths to 2 or more interfaces. Essentially close 
agreements have been obtained with the results of actual drilling. It is 
believed that foundation surveys could be made by geophysical methods at a 
substantially lower cost than by core drilling —R. E. Thompson (Courtesy 
Chem. Abst.). 


Wire Points Keep Birds Off Water Supply Standpipe. Eng. News-Rec., 
102: 77, January 10, 1929. Brief illustrated description of bird fence placed 
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around. top of standpipe, 61 feet high and 64 feet in diameter, recently con- 
structed for city water system of Tacoma, Washington. Fence consists of 
3-inch lengths of 12-gauge wire sharpened at upper end and welded to a 2-x 
j-inch plate which is bolted around top of standpipe. By placing wires only 
1} inch apart, rim is made unattractive to birds of sizes to be found at this 
height above ground level.—R. E. Thompson. 


Building a Safe Gin Pole. C. W. Hines. Eng. News-Rec., 102: 194, 
January 31, 1929. Brief description of standard gin pole employed by Chicago 
Bridge and Iron Works in erecting elevated tanks.—R. E. Thompson. 


Reconstruction of Lafayette Dam Advised. Eng. News-Rec., 102: 190-2, 
January 31, 1929. Data given from report of consulting board appointed to 
submit recommendations concerning present and future operations at Lafay- 
ette dam of East Bay Municipal Utility District, a rolled earth-fill structure 
which partially failed by subsidence when completed to within 20 feet of pro- 
jected height of 140 feet. Although containing larger proportion of clay than 
desirable, dam would have shown no weakness if it had rested upon a firm foun- 
dation. Its slopes were conservative, materials were selected and distributed 
with unusual care, and workmanship was excellent. Failure was due to ex- 
captional foundation conditions, notably the uncommon thickness of clayey 
alluvium and general plasticity of the material. This condition was deter- 
mined only after painstaking examination subsequent to failure and could not 
have been anticipated except in light of exceptional experience. Reconstruc- 
tion is recommended to height of 100 feet, with slopes of 5 to 1 and 7 to 1 on 
upstream and downstream faces respectively. This will provide base twice 
as long with respect to height as the original structure. Maximum water 
depth will be reduced from 116 to 76 feet and capacity from 10,590 to 3,700- 
acre-feet. Cost will be approximately $300,000 —R. EZ. Thompson. 


Spillway Cut Rushed to Safeguard Lake Pleasant Dam. Eng. News-Rec., 
102: 275-8, February 14, 1929. Flood in Agua Fria of size that might occur at 
this season of year could fill Lake Pleasant reservoir of the Maricopa County 
Water Conservation District in less than two days. Dam has been declared 
unsafe for load imposed by full reservoir, and, since capacity of the three 48- 
inch outlets through structure would afford but negligible relief, a serious 
situation has arisen. Committee appointed by State Water Commissioner 
recommend that cut in present spillway be made, 24 feet deep and 175 feet 
wide at bottom. This work is being carried out as rapidly as possible. Data 
from other reports on condition of [dam and recommendations for repair of 
the cracks which render structure unsafe are included.—R. FE. Thompson. 


Building a Concrete Reservoir for Portsmouth, Ohio. R.J.Turrevt. Eng. 
News-Rec., 102: 97-9, January 17, 1929. Illustrated description of construc- 
tion of 22-million gallon covered reservoir now in progress at Portsmouth. 
Reservoir is U-shaped in plan to conform to contour of ground, each leg being 
on hillside, so that inner side is a paved slope while outer side is 30-foot rein- 
forced concrete retaining wall. Interesting features of construction are use of 
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traveling concreting tower and traveling gantry which straddles concrete wall 
and handles forms, which are made up in large units. Reservoir is at eleva- 
tion of about 150 feet above level of business section and: will maintain mini- 
mum pressure of 75 pounds per square inch in mains and provide storage of 
about three days’ supply. In addition, a 400,000-gallon steel tower is being 
erected on hill above reservoir to give ample pressure to hilltop sections of 
city. Concrete is being proportioned by water-cement ratio method, wall 
concrete having strength of 2500 pounds and slump of 4 inches, and roof eon- 
crete, 2000 pounds and 6-inch slump. Floor is 3¢ inches of gunite, 1:3 mix, 
reinforced with 4x 4 inch welded wire mesh, applied in 3 coats. Population 
has increased from 40,000 in 1921 to 60,000 in 1928.—R. E. Thompson. 


Automatic Siphon Control for Small Water Supply System. Eng. News-Ree,, 
102: 76, January 10, 1929. Water supply of Meadow Lakes, a country club 
in Sierra Nevada Mountains, is obtained from wells on crest of ridge near 
upper boundary of property which are siphon-connected to distribution sys- 
tem. Collection of gases at bend of siphon necessitated frequent priming of 
system. Device installed to correct this difficulty is described which consists 
of tilting platform upon which are mounted 2 tanks, each of which is connected 


alternately to siphon, the discharge of the water creating vacuum which re- 


moves air from siphon.—R. E, Thompson. 


102: 72-3, January 10, 1929. Data from report of advisory committee ap- 
pointed by Governor Weeks given. Construction of power reservoirs on 5 
major rivers recommended.—R. E. Thompson. 


Raising of Aswan Dam in Egypt Proposed. Eng. News-Rec., 102: 278-80, 
February 14, 1929. Details given from report of international commission to 
Egyptian Government, which recommends increasing height of Aswan dam of 
Nile River 30 feet. Dam, which is of masonry, was constructed in 1898-1902 
and was raised 16.4 feet in 1907. Greatest height of original structure above 
foundations was about 96 feet and maximum depth of water in reservoir was 
66 feet. Asphalt key is provided in plane of junction of old and new work to 
prevent leakage.—R. E. Thompson. 


Changes in Flow Over Niagara Falls in Prospect. Eng. News-Rec., 102: 
281-3, February 14, 1929. Details given of a convention between United States 
and Great Britain, signed on January 2 and now awaiting ratification by the 
Canadian and United States legislatures, providing for remedial works on 
Niagara River above Falls to distribute water so as to ensure at all seasons an 
unbroken crest line at falls, and temporary and experimental diversion of 
water from river for power purposes in addition to amounts specified in treaty 
of 1909. Estimated cost is $1,750,000.—R. HE. Thompson. 


Progress of Tests and Design of Bonnet Carré Spillway. Eng. News-Rec., 
102: 284, February 14, 1929. Progress outlined of tests being conducted in 
connection with design of spillway above New Orleans to skim 250,000 second- 


2 
Power Projects Recommended for Vermont Flood Control. Eng. News-Rec., | 
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feet of flood crest of Mississippi River and discharge it by floodway into Lake 
Pontchartrain. Project is one of auxiliaries in New Orleans flood control 
program.—R. E. Thompson. 


Boiler Plates. ANTON Pomp. Stahl u. Eisen, 48: 681-9, 1928. From Chem. 
Abst. 22: 2730, August 10, 1928. The harder plates, especially nickel-steel 
plates, are better than low-carbon plates at higher temperatures in their 
mechanical characteristics, resistance to fatigue, and tendency to = 
—R. E. Thompson. 


Aggregate Moisture Determination by Specific Gravity. W. M. Dunacan. 
Eng. News-Rec., 102: 285, 1929. Further discussion in reply to criticism of 
McCatt (cf. E. N. R. 101: 966). D. states that determination of both free 
moisture and absorption by the specific gravity principle has been thoroughly 
checked with the flame method and found to give results usually within 0.1 
per cent. This is well within the accuracy of the relations establishing the 
water-cement ratio curves.—R. E. Thompson (Courtesy Chem. Abst.). 


The Value of Lead Paints for Purposes of Protection of Iron. A. Ersner and 
W. LavrenserG. Korrosion u. Metallschutz, 4: 107-10, 1928. From Chem. 
Abst., 22: 2731, August 10, 1928. Imperviousness of linseed oil films to water 
increases with increasing linseed oil-lead compound content. Compounds 
formed are lead soaps and lead glycerol combinations. From study of films 
it was concluded that physical state as well as chemical nature of pigment in- 
fluences stability of protective film.—R. EZ. Thompson. 


The Problem of Metal Corrosion. J. Hausen. Korrosion 3: 17-8, 1928. 
From Chem. Abst., 22: 2732. Concluded that results of laboratory experi- 
ments on corrosion of brass are not very reliable and that decisions must be 
based upon practical trials —R. E. Thompson. 


Water Purification. ALEXANDER Houston. Chemistry and Industry, 47: 
22-5, 1928. From Chem. Abst., 22: 2802, August 10, 1928. Includes illustra - 


The Chemistry of Mineral Water. J. Knerr. Oecesterr. Chem. Ztg., 31: 
77-9, 1928. From Chem. Abst., 22, 2802, August 10, 1928. Mineral water 
discussed from standpoint of composition and of methods of reporting analy- 
ses.—R. E. Thompson. 


Filter Regulators. J.J. Roevants, Jr. Water and Gas, July 27, 1928, 143- 
4. Accurate regulation of rate of filtration can be effected by use in regulating 
chamber of overflow movable vertically, upper edge of which is automatically 
kept at fixed distance beneath surface of water in chamber by floats. Heights 
of water above overflow correspond to definite rates of filtration. Level of 
water above filter and resistance of filter should remain constant. Latter 
condition is hardly attainable. By floats, level in regulator chamber may be 
kept at constant level lower than normal level of water above filter to an 
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amount corresponding to maximum allowable resistance of filter. Quantity 
of water overflowing in liters per second, Q, = Bh aW/2gh = (Ba Vg) hi, 
in which B is length of overflow in decimeters, h the height of overflowing water 
above overflow and a a coefficient dependent upon form of overflow. If q 
is taken as constant for heights of overflow not widely differing, then Q is 
proportional to h?.—R. E. Thompson. 


Notes on Recent Developments in Fuel Technology. R.WiGGinton. Fuel 
in Science and Practice, 7: 193-4, 241-4, 1928, cf. C. A., 22: 2254. From 
Chem. Abst., 22: 2825, August 10, 1928. Brief review of, among other subjects, 
oxygen removal from feed water and softening with barium salts.—R. E. 
Thompson. 


Coal-Tar Paints as Metal Preservatives. A. V. Stvotopov and A. I. Ivz- 
HILIN. J. Chem. Ind. (Moscow), 3: 1308-10, 1926. From Chem. Absts., 22: 
2848, August 10, 1928. Coal-tar paints, which usually contain fillers such as 
portland cement, lime, etc., and a thinner such as kerosene or light fractions of 
coal-tar distillates, are not harmful to iron and preserve it from rusting as long 
as coating of paint remains intact. For painting iron roofs, however, these 
paints can replace oil paints only on condition of repainting every year, since 
they are very apt to soften in summertime and weather off. Account included 
of various experiments on speed of drying of these paints and their anti-corro- 
sion effect.—R. E. Thompson. 


The History of the Chlorination of Drinking Water. Spitta. Reichs-Gesund- 
heitsblatt., 1928, 3: 533. Department of Scientific and Industrial Research, 
Water Pollution Research Board, Summary of Current Literature, 2: 1, A-5, 
November, 1928. An account of the development and present state of the 
practice of drinking water chlorination in Germany. The first attempt to 
sterilize water by chemical means was made in 1893, by Ohlmuller, who made 
experiments in the action of ozone on bacteria. This method gained little 
popularity and although investigations were carried out later on the use of 
chlorine, this method also fell into disrepute, and was really reintroduced in 
1910 from America where its use in the purification of polluted surface waters 
had adequately demonstrated its effectiveness. Since the war the use of ° 
chlorine has become increasingly popular in Germany, but in general purely 
as a supplementary process to other methods of purification. Chlorine is 
also used in water investigations to determine the chlorine demand, a deter- 
mination which amplifies the permanganate oxygen absorption test.—A. W. 
Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


The Determination of the B. Coli Count in Water. A. Massink. Rep. of 
Rijksbureau voor Drinkwater voorziening, The Hague, Holland, 1927, page 
100. Department of Scientific and Industrial Research, Water Pollution 
Research Board, Summary of Current Literature, 2: 1, A-6, November, 1928. 
Review of methods of determining B. coli in water and of the improvements in 
technique which have been introduced in recent times. Particular reference 
is made to American practice on which the method used at the Rijksbureau is 
largely based.—A. W. Blohm (Courtesy U. S. P.-H. Eng. Abstracts). 


a 
: 
i 
| 
g 
{ 
i 
| 
it 
i 
q 
q 
ig 
i 


ABSTRACTS | oF WATER WORKS LITERATURE 


Filtration of Alkaline Waters. J. Gorpon anv R. E. Hatt, E. P. 
291, 970. Brit. Chem. Abst., 1928, (B), 626. Department of Scientific and 
Industrial Research, Water Pollution Research Board, Summary of Current 
Literature, 2: 1, A-8, November, 1928. The use of various silicates (e.g., 
of iron, magnesium or calcium) in preference to sand for filters dealing with 
hot boiler waters, which are alkaline owing to the pretreatment they have 
received for softening purposes, is recommended because of their lower solu- 
bility under such circumstances. For the filter bed a granulated smelter slag 
obtained from copper smelting may be used. As the silicates suggested have 
a fairly high specific gravity the time taken to wash the filter by reversal of 
flow is not excessive.—A. W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). “2 


The Action of Carbon Dioxide on Water Organisms. J. NiIKITINSKY. ~ 
f. Bakt., 1928, 73: 481. Department of Scientific and Industrial Research, 
Water Pollution Research Board, Summary of Current Literature, Vol. 12, 
October, 1928. Experiments are described on the effect of water saturated 
with carbon dioxide at 15°C. on a group of water organisms including cyclops, 
daphnia, several larvae and rotifera. These organisms were killed in this 
water in a comparatively short time (varying from ten seconds to ten minutes). 
That this effect is due to carbon dioxide and not to lack of oxygen was shown by 
the fact that all the organisms existed for a considerably longer time in an 
atmosphere of hydrogen. Further experiments showed that the action of 
carbon dioxide is not due to impurities in the gas or to its acidity. Compared 
with other chemicals, copper sulphate, mercuric chloride, etc., it is extremely 
toxic. It appears however that saprobic organisms and many water plants 
are much more resistant to the gas than those mentioned above.—A.W. Blohm 
(Courtesy U. S. P. H. Eng. Abstracts). 


The Removal of Phenol from Coke Oven Wastes. F.Rascuic. Z. f. angew 
Chem., 1927, 40: 897. Gas World, 1928, October 6. Coking Section page 18; 
Gas. u. Wasserfach 1928, 71,860. Department of Scientific and Industrial 
Research, Water Pollution Research Board, Summary of Current Literature, 
2: 1, C-8, November, 1928. The method developed by the Emschergenossen- 
schaft for the biological purification of coke oven wastes has proved to be too 
expensive in practice and has largely been superseded by the benzol extraction 
method. In this process the gas liquor, before removal of ammonia, is washed 
in a tower, containing Raschig rings, by a counter current of benzol or toluol. 
It is better to prewarm both benzol and ammonia liquor. The extraction of 
the phenol from the benzol was found difficult, as neither shaking with soda 
nor distillation is completely effective. Satisfactory results are however being 
obtained using a distilling column 50 feet high filled with Raschig rings.— 
A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


The Sensitivity of Fish to Phenol. W. Srryer. Z. f. Fischerei, 1927, 25: 
503. Wasser u. Abwasser, 1928, 24: 256. Dept. of Scientific and Industrial 
Research, Water Pollution Research Board, Summary of Current Literature, 
No. 12, October, 1928. In the fruit growing district in Hanover, fruit trees 
have been sprayed with a carbolic acid preparation as a protection against 
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the apple leaf flea (Psylla mali Schm). Running through the district are a 
number of ditches which contain a large amount of aquatic life, including fish, 
During the spraying of the trees some liquid has reached the ditches and the 
concentration of phenol produced is estimated at 0.8 parts of phenol in 100,000 
parts of water. Such a concentration, according to Holzingers, is toxic to 
fish. It is therefore recommended that care be exercised in the use of such 
material in the neighborhood of waters, which are valuable from a fishery point 
of view.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


A Contribution to the Study of the Purification of the Waste Waters from 
Sugar Factories. E. Moprow. Zentr. f. d. Zuckerindustrie, 1926, 34: 556. 
Wasser u. Abwasser, 1928, 24: 57. Department of Scientific and Industrial 
Research, Water Pollution Research Board, Summary of Current Literature, 
No. 9, July, 1928. The separation of the fermentable substances dissolved in 
the effluent, which cause the growth of fungus in streams, can be effected by 
land filtration or by chemical means. A partial clarification can be obtained, 
for example, by treatment with lime, but this is insufficient, especially when 
the effluent is discharged into a small stream. The author describes a plant 
for the treatment of the waste waters by fermentation. —A. W. Blohm (Cour- 
tesy U. S. P. H. Eng. Abstracts). 


The ‘‘Mammut’’ Thickener. Sremn. Deuts. Zuckerind., 1927, 52: 275. 
Department of Scientific and Industrial Research, Water Pollution Research 
Board, Summary of Current Literature, No. 9, July, 1928. The apparatus 
described is a tank for the continuous separation of sludge from beet trans- 
port and washing waters. The tank is circular, and has a W shaped diametri- 
cal cross section, which gives a large surface area for a given volume of tank. 
The water to be clarified enters the apparatus centrally and flows radially out- 
wards towards the periphery of the tank where it runs into an annular trough 
and is discharged. The sludge which falls onto the sloping sides of the tank 
arrives at the bottom in a well mixed condition and i is easily pumped. —A.W. 
Blohm (Courtesy U.S. P. H. Eng. Abstracts), 


New Plant for the Removal of Oil at the Factory of C. F. Bochringer Und 
Sohne G. M. B. H. Mannheim—Waldhof. Scumertzner. Chem. Ztg., 1928, 
52: 388). Chem. Zentr., 1928, 99: 3104. Department of Scientific and Indus- 
trial Research, Water Pollution Research Board, Summary of Current Litera- 
ture, No. 11, September, 1928. A description of a plant installed by the 
Deutsche Abwasser-Reinigungs-G. m. b. H. for the separation of oil from 
oily waters.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abstracts). 


Catchment Area Boards for the Control of Rivers. W. LioneL JENKINS. 
Surveyor, 75: 1928, 5, January 4, 1929. A genera! discussion of conditions in 
Great Britain relative to the administration of the stream pollution prevention 


acts, and of the advantages of creating catchment area boards for this purpose, 
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—A.W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). 
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Industrial Effluents and Their Purification. A. Pritzkow. Reprint from 
“Chemische Technologie der organischen Verbindungen’”’ edited by R. O. 
‘Herzog. C. Winters Universitatsbuchhandlung Heidelberg, 1927. Wasser 
 u. Abwasser, 1928, 24: 58. Department of Scientific and Industrial Research, 

Water Pollution Research Board, Summary of Current Literature, No. 9, 

July, 1928. After referring to the importance of the effiuent question in in- 
dustry, the author discussed the polluting effects of industrial waste waters 
and gives the regulations controlling their discharge in several German states 
(Prussia, Bavaria, Saxony, Wurtemberg, Baden, Thuringen) and in the Em- 
pire.—A. W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). 


The Question of the Pollution of Lake Constance by the River Schussen and 
the Possibility of its Estimation by Observations of Protozoa. A. WrrTzEL. 
Intern. Rev. ges. Hydrobiol v. Hydrograph., 1928, 19: 217. Department of 
Scientific and Industrial Research, Water Pollution Research Board, Summary 

- of Current Literature, No. 9, July, 1928. The lower stretches of the area at 
the mouth of the river Schussen as well as a number of stored waters and neigh- 
bouring pools have been examined from a chemical and biological standpoint. 
The waters of the Schussen are at all depths well aérated with oxygen; decay- 
ing sludge and hydrogen sulphide are absent. The scanty detritus settling 
from the river is well broken up and only slightly putrescent. The waters 
are slightly alkaline in reaction. In the stored waters and pools the oxygen 
content in the upper layers is on the average somewhat lower; at the bottom 
there is an oxygen free layer of decaying sludge of moderate thickness which 
contains free hydrogen sulphide. These waters are in part in free communica- 
tion with the river but no consequent deterioration of the Schussen was no- 
ticeable. The Protozoa of the river corresponded to those present in un- 
polluted pools. Sludge-decomposing forms were only found in isolated cases 
whilst in the decaying sludge of the stored waters and pools they occurred regu- 
larly. These facts lead to the conclusion that the Schussen was not polluted 
during the period under examination—Autumn, 1926, to Spring, 1927. A 
study of the fauna in conjunction with a chemical investigation has been shown 
to be a useful means of judging the quality of a water.—A.W. Blohm (Courtesy 
U.S. P. H. Eng. Abstracts). 


The Drinking Water Supply of Vrederust at Bergen Op Zoom. J. E. Car- 
RIERE. De Ingenieur, No. 18, 1928. Water and Water Engineering, 30: 
357, 442, September 20, 1928. The supply at Vrederust was formerly drawn 
from comparatively shallow wells and was highly colored, aggressive, and 
could only be freed from iron with difficulty. A mixture of equal portions 
from new deep wells drawing from the Tertiary strata which is rather hard, 
gave a satisfactory effluent, not too hard, non-aggressive, and easily freed 
from iron by aeration or filtration through coke.—A. W. Blohm (Courtesy 
U.S. P. H. Eng. Abstracts). 


The Provision of Drinking Water in Holland now and in the Immediate Fu- 
ture. W.F.J.M.Krur. Paper before 33rd Congress for Public Health Regs. 
Rotterdam, July 6-7, 1928, 48 pp. Water and Water Engineering, 30: 357, 


1741 
) 
) 
= 
A 
we 
: 
i 


ABSTRACTS OF WATER WORKS LITERATURE 


442, September 20, 1928. The progress of water works in Holland since the 
first installation in Amsterdam, 1853, is reviewed. Important factors in 
water supply are enumerated and available sources given. Desirability of 
the planning of small water works so they can be conveniently linked with 
larger regional schemes is brought out. Records are necessary for future 
developments.—A. W. Blohm (Courtesy U.S. P. H. Eng. Abstracts). a 
Making Chlorine Treatment Dependable and Accurate. H. S. Hutton. 
West Virginia University College of Engineering Bulletin, Prof. of the Fourth 
Annual Conference on Water Purification, 14: 3, 119, November, 1928. A 
plea for duplicate chlorinator installations or at least duplicates of the most 
essential parts when one machine is in use, in order to assure uninterrupted 
service. Frequent ortho-tolidine tests for residual chlorine are recommended 
as the most important check on efficient chlorinator operation.—A. W. Blohm 
(Courtesy U. S. P. H. Eng. Abstracts). 


Uncovered Meter Pit Renders City Liable. Leo T. Parker. Water Works 
Eng., 82: 16, 1089, July 31, 1929. Digest of several legal decisions on water 
works questions: (1) City is held liable for damage for leaving an uncovered 
meter pit in a grass plot where pedestrians were not supposed to walk. (2) 
Verbal agreements do not alter written agreements. (3) Courts uphold per- 
petual easement on water lines and require buildings to provide easy access 
to watermains even if the subdivision has been replatted and the streets where 
the main originally was, changed.— Lewis V. Carpenter. 


What is the Pressure Loss in Service Between Main and House? James 
E. Grsson. Water Works Eng., 82: 12, 815, June 19, 1929. A series of tests 
were made at Charleston, 8S. C., of the loss in head through the corporation 
cock, 25 feet of service pipe, curb cock, meter, ten feet of pipe from meter to 
property line, and the total loss of the composite service from main to property 
line. A series of tables gives percentage loss by increments for each fitting and 
pipe at intervals of 5 gallons flow, the velocity in feet per second through the 
pipe, the velocity head, and the entrance head. Detailed data are furnished 
on 1- and j-inch lead and copper pipe. The tabulations are very good.— 
Lewis V. Carpenter. 


Welding by Contract a Large Steel Pipe Pitted by Electrolysis. WuiLL1am 
W. Brusu. Water Works Eng., 82: 13, 813, June 19, 1929. A 66-inch riveted 
steel pipe made of ;"s-inch plate and coated with bitumastic enamel paralleled 
an overhead trolley line which had poor bond between the rails. Leaks ap- 
peared and it was found that the difference in potential between rail and pipe 
was7 volts. A steel plate was placed to bond the pipe to the track, but was not 
successful in stopping electrolysis. The trolley discontinued and the pipe 
line was repaired. In a length of 723 feet there were 40,000 to 50,000 pits of 
which 25,040 were welded. One crew could weld 300 to 400 holes per eight- 
hour day, using electric welding. Cost of job averaged $20.00 per foot.— 
Lewis V. Carpenter. 
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Who is Liable for Water Line Damages? Leo T. Parker. Water Works 
Eng., 82: 12,719, June 5, 1929. Where one of two persons not intending to 
do a wrong is caused damage, the one is responsible whose greater negligence 
caused the injury. Spring Brook Water Co. vs. Pennsylvania Coal Co. The 
water company laid lines along a highway which was built over coal owned by 
Pennsylvania Coal Co. When the coal was mined the water lines were badly 
damaged. Court held that water company was not entitled to damages. 
Ruling said that burying of a pipe line along a highway was an additional 
liability and if the water company did not have special permission to lay the 
line they could not collect damages. In Josey vs. Beaumont Water Works, the 
water works company was under a contract to furnish, at a specified monthly 
rental, water for fire protection through the customer’s private pipe line. 
Contract did not stipulate that the company was to'repair the pipe line. 
Without notice to the customer, the water company cut off the supply of water; 
whereupon the pipe became defective and leaked. A fire oceurred destroying 
property and merchandise valued at over $77,000. Court ruled in favor of 
the water company, stating that the customer forfeited his rights to get water 
when his pipe line was out of repair. Court held in Aschoff vs. City of Evans- 
ville that any one who damages even a private pipe line is liable for damages 
caused by water. Another decision holds that city is not liable for fire de- 
partment damage to pipes. The court held that the city is not liable for negli- 
gence of members of fire department acting within the scope of their duty.— 
Lewis V. Carpenter. 


Water Supply: What Courts Say Aboutit. Lo T. Parker. Water Works 
Eng., 82: 14,957, July 3, 1929. It has been well established in court that the 
consumer is bound to pay for all water delivered into his pipes, unless the loss 
results from negligence of the water company or of itsemployees. The article 
gives a number of court decisions on: Water Commissioner notes equivalent to 
municipal bonds; legal interpretations of authority of Public Service Com- 
missions; award for condemned property must include all damages and value; 
City entitled to take lot for erection of standpipe; and water plant may earn 
profit on reasonably necessary investment.— Lewis V. Carpenter. 


When May Cities be Held Responsible for Illness from Impure Water? Cazes 
Mitts SAVILLE. Water Works Eng., 82: 13, 819, June 19, 1929. Author 
cites a number of court decisions under which water companies, both munici- 
pal and privately owned, have been held responsible for furnishing impure 
water. It is a matter for the court to decide, where the accountability should 
be placed; the trend of decisions is to hold both the governing body and the 
individual official in direct charge of the works liable. In other words, liabil- 
ity for failure properly to safeguard a water supply cannot be sidestepped as a 
governmental function, nor can the crime of causing death or jeopardizing 
health be legalized.— Lewis V. Carpenter. 


Biochemical Oxygen Demand of Certain Substances. G. E. Symons with 
A. M. Buswe.u. Ind. End. Chem. (Analytical Ed.) 1: 161, 1929. Study of 
the biochemical demand of lactose, starch, cellulose (filterpaper), sodium 


= 
ABSTRACTS OF WATER WORKS LITERATURE 
4 
* 
2 
i 
4 
; 
i 
4 
: 
: 
: 
ste 
a 


palmitate, peptone, and urea were undertaken as a background for additional 
work. An interesting curve showing the demand for carbonaceous material 
with the characteristic two-stage oxidation for C and N substances is given.— 
Edward 8. Hopkins. 


The New Water Treating Plant of the Santa Fe at Grand Canyon. H. B. 
Hommon. Amer. Ry. Engr. Assoc., 31: Bull. 317, 67-82, 1929. All water used 
at the Grand Canyon National Park resorts is handled in tank cars from Flag- 
staff or Puro, Ariz., 100 or 120 miles, at cost of $3.09 per 1,000 gallons, as pump- 
ing water from canyon against 6000 feet head is impractical. Activated sludge 
treatment with chlorination for sewage wastes and alum treatment of laundry 
water with subsequent rapid sand filtration for both since 1927 has resulted 
in reclamation of about 99 per cent of the water used in satisfactory condition 
for boiler, laundry, lawn sprinkling and similar purposes. Cost for reclaimed 
water averages $0.574 per 1,000 gallons, a saving of $2.50. Operation is handled 
jointly by Santa Fe RR. and U.S.P.H.S.—R. C. Bardwell. 


One Plant Replaces Three at Water Station. C. V. Bucuer. Railway 
Engineering and Maintenance, 25: 10, 416-418, 1929. Trouble with muddy 
and corrosive water from Leading Creek and the Ohio River at the Hobson, 
Ohio, terminal of the New York Central RR., was overcome by installation of 
shallow drilled wells. Automatic electrically operated centrifugal pumps are 
used in 36-foot pits. A clear satisfactory water is obtained.—R. C. Bardwell. 


Melting Ice Deposits Concrete in Deep Well. Anom. Railway Engineering 
and Maintenance, 25: 9, 387, 1929. The Chicago and Northwestern Ry. at 
their Proviso Yard, Chicago, Ill., used a unique method for plugging 16-inch 
well with concrete between the 2090- and 2225-foot levels, to block flow of 
objectionable salt water, by using block of ice to hold the concrete in 10 feet 
by 12 inch sand-bucket until it was spotted at desired location where the melt- 
ing ice released the charge of concrete and accomplished desired results.— 
R. C. Bardwell. 


Protection of Catchment Areas. JoHN F.SKINNER. Jour. New Eng. W. W. 
Assoc., 43: 1, 1-13, March, 1929. Recommends purchase of marginal strips 
around reservoirs and lakes used for water supply. The total catchment area 
of the municipal water supply of Rochester, N. Y. is 66.2 square miles, of which 
48.0 square miles are tributary to Hemlock Lake, 12.4 square miles to Candice 
Lake, and 5.8 square miles to Candice outlet. In 1895 the city purchased a 
strip of land 200 feet wide from high water line around Hemlock Lake. Other 
purchases from time to time have brought the total up to 3,517 acres. From 
1902-1928 about 1,500,000 trees were planted on 1,250 acres. A project for 
increasing the water supply by a large addition to present watershed calls for 
acquisition of land by the city which will total 30,000 to 40,000 acres. Due to 
difficulty of surveying this large expense of rough and wooded country, aérial 
surveying was resorted to and photographic map of scale of 800 feet to an inch 
prepared.—H. H. Gerstein. 
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A New Kind of Pipe for Water Mains. R. W. Mitcuety. Jour. New 
Eng. W. W. Assoc., 43: 1, 18-27, March, 1929. The centrifugal process for 
casting concrete pipe is for the purpose of (1) overcoming the segregation of 
the aggregate (2) quickly and certainly removing the objectionable laitance 
from the inside of the pipe and (3) definitely controlling the diameter. The 
principles involved are simple. Rate of spinning is so controlled that, while 
sufficiently high to produce a moderate compacting effect, it is yet not high 
enough to cause segregation. The charge is uniformly distributed along the 
whole length of the pipe and the mix used is relatively dry, so as to minimize 
the amount of cement and laitence brought inside the pipe. The required 
density is produced mechanically by means of a combination knife and trowel 
that compacts the concrete and trims it to dimensions. Centrifugally cast 
concrete pipes can be made to withstand practically any pressure and remain 
structurally sound; but they will not remain water-tight, due to cracking of 
shell. Asphalt applied on inside of shell serves as a waterproofing which 
withstands effects of pressure. Describes method of applying smooth sur- 
faced asphalt lining —H. H. Gerstein. 


The New McTavish Pumping Station at Montreal, Quebec. Cuar.izs J. 
Des Baittets. Jour. New Eng. W. W. Assoc., 43: 1, 32-7, March, 1929. 
The City of Montreal was supplied with water both from its own system and 
from the privately owned system of the Montreal Water and Power Company. 
The City having acquired the latter is working on the problem of interconnect- 
ing the two systems and operating the whole under one management. The 
MeTavish Station, by nature of its location, can conveniently add to the dis- 
trict now served by it that connected to the Outremont reservoir of the private 
company. An addition will be designed to increase its capacity to appoxi- 
mately 30 million gallons daily. This will eliminate two pumping stations of 
the former private system.—H. H. Gerstein. 


Unusual Methods of Water Purification. Martin E. FLentye. Jour. New 
England W. W. Assoc., 43: 1, 38-43, March, 1929. Unusual methods of solu- 
tion adopted for problems encountered in taking over supervision of purifica- 
tion of a number of water companies by a central holding corporation. Water 
fleas and Crustacea in water were found to be killed by a dose of 2.0 p.p.m. 
copper sulphate in twenty-four hours, or by a dose of 1.75 p.p.m. chlorine in 
twelve hours; while 3.5 p.p.m. chlorine killed in thirty minutes. At one plant 
the soda ash which was applied for prevention of corrosion was mixed in proper 
proportion with sodium thiosulphate for the purpose of dechlorination. 
Whiting, a chemical not commonly met with in water purification, was success- 
fully used to provide alkalinity to react with alum without the objectionable 
peptizing of soda ash or lime upon the color present. Use of whiting increased 
filter runs from two to eight hours. Experiments are now being made to de- 
termine whether sludge from a lime soda treatment plant can be used in place 
of whiting.—H. H. Gerstein. 


The Oxy-Acetylene Process in Modern Industry with Practical Reference to 
Piping Field. R. W. Boaas. New Ww. ., 43: A, 44-9, 
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March, 1929. The successful use of the oxy-acety*. »« process for pipe welding 
depends on what the author terms ‘‘procedure control,’’ a system whereby 
each step of the production process is developed, supervised, and controlled 
so as to secure the highest possible efficiency.— H. H. Gerstein. 


Average Rainfall Tables for Northern New England. Graaa Ricnarps. 
Jour. New England W. W. Assoc., 43: 1, 50-5, March, 1929. Tables of mean 
monthly and seasonal rainfall based on data from 1881 to 1925.—H. H. Ger- 
stein. 


A Gas Producer Plant for Water Pumping at Manchester, Mass. Raymonp 
C. Atten. Jour. of New England W. W. Assoc., 43: 1,56-9, March, 1929. 
Equipment of pumping station, consisting of duplicate units of Smith gas 
producers, Nash gas engines, and Gould vertical triplex pumps has been in 
continuous operation for the last twenty years. After this period gas engines 
are in good condition, but the cylinders have been re-bored so often that further 
efforts in that direction have become unsafe and general wear is such that 
further repairs unwarranted. Gas pr’ _»s are in similar condition, with 
labor cost high. Pumps are in remarkably good condition. It was therefore 
decided to retain these and install electric drive.—H. H. Gerstein. 


Decolorization by Storage in Clean Bottomed Reservoirs. Karu R. Kenni- 
son. Jour. New England W. W. Assoc., 43: 1, 60-75, March, 1929. Detailed 
data obtained from two clean-bottomed reservoirs show that there is approxi- 
mately 20 per cent reduction of color for each month storage.— H. H. Gerstein. 


Final Report of Committee on Cross Connections. Jour. New England W. 
W. Assoc., 43: 1, 79-112, March, 1929. Report of Committee on Cross-Connec- 
tions defines and describes various types of cross-connections and makes follow- 
ing resolutions: (1) This Association recommends that no cross-connection be 
permitted with a supply that in the opinion of the state authorities is bacte- 
rially unsafe. (2) This Association recommends that any cross-connection per- 
mitted with a bacterially safe, but non-potable, supply shall be made through 
a properly installed and adequately supervised, all bronze, rubber-seated, 
double check valve of a type approved by the state health authorities. De- 
scription added of operation of automatic start-and-stop chlorinator for fire 
pumps.—H. H. Gerstein. 
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Joint REsEARCH COMMITTEE ON BoILER FEEDWATER STUDIES 


Boiler Corrosion aud Pitting. A. F. Sticumerer. Boiler Maker, 29: 6, 
June, 1929, pp. 162 and (discussion) 162 and 164. Consideration of topic under 
following heads: boiler corrosion and pitting; what can be done in boiler 
department to relieve conditions. Report presented before Master Boiler 
Makers Assn. 
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Boiler Corrosion and Ws.ting. Power Engr. (Lond.), 24: 281, August, 1929, 
pp. 326-327, 1 fig. Inter t?corrosion mainly caused either by acid action of 
feedwater or by galvanic action; while external corrosion caused by dampness; 
some peculiar cases are discussed, 


Cause and Prevention of Internal Corrosion of Boilers. W. D. Hatsrey. 
Boiler Maker, 29: 5, May, 1929, pp. 139 and 140, 2figs. Astudy of fundamental 
forms of ccrrosion which commonly occur in both power and locomotive-type 
boilers. 


The Formation of Scale in Boilers. Engineer (Lond.), E. P. Parrriper 
and A. H. Waite. 147: 3832, June 21, 1929, p. 684. Article previously in- 
dexed from American Society of Mechanical Engineers—Advance Paper for 
met. May 13-16, 1929. 


Scale in Boilers of Central Heating Systems (Kesselstein in Zentralheizung- 
skesseln). W. Bieyert. Gesundheits-Ingenieur (Munich), 52: 4, January 
26, 1929, pp. 58-61, 4 figs. Observations.of formation of boiler scale; methods 
of removing boiler scale, with partis);jp7.reference to Grozck method. 


Water and Boiler Efficiency Problems—Emphasizing Subject of Corrosion. 
W. B. Lowis and G. 8. Irvina. Eng. and Boiler House Rev. (Lond.), 42: 11, 
May, 1929, pp. 616-617. Effect of constituents in boiler practice can be pre- 
dicted on three factors, namely scale-forming constituents, dissolved gases, 
and suspended matter in water or produced in boiler; salts usually found in 
feedwater are given and discussion of objective features cited of carbonates of 
calcium and magnesium, silica, and calcium sulphate. Extracts from paper 
presented before Engr. Surveyors’ Assn. 


The Formation and Thermal Effects of Calcium Sulphate Boiler Scale. E. P. 
PartripGce and A. H. Waite. American Society of Mechanical Engrs.—Ad- 
vance paper for mtg. May 13-16, 1929, 11 pp., 7 figs. Fundamental study of 
manner in which calcium sulphate scale forms upon evaporative surface, re- 
determination of solubility values for calcium sulphate in boiler temperature 
range, and measurements of rate of formation and heat conductivity of calcium 
sulphate scales produced in experimental boiler; discussion of present knowl- 
edge concerning calcium sulphate scale. 


Boiler Explosions. Metallurgist (Supp. to Engineer), May 31, 1929, pp. 65- 
66. Account of failure which occurred at iron works at Middlesborough; 
case of failure reported upon by Board of Trade Surveyor is clearly example of 
intercrystalline cracking at rivet holes; use of term ‘‘embrittlement’’ is mis- 
leading. 


Ageing and Recrystallization Tests on Boiler Plate (Alterungs-und Rokristal- 
lisationsversuche an Kesselblechen). A. Pomp. Zeit. des Bayorischen Re- 
visions-Vereins (Munich), 33: nos. 1, 2 and 5, January 15 and 31 and March 
15, 1929, pp. 7-9, 26-27 and 93-96, 30 figs. partly on supp. plate. Ageing is 
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accelerated by annealing of cold-worked steel; ageing tendencies of different 
steels vary greatly; results of strength and notched-bar tests to determine 
conditions governing both natural and artificial ageing and to obtain informa- 


tion on relation of temperature on notch resistance of aged material; 14 differ. 
ent steels 10 without alloy, and 4 with nickel additions were tested. 


Hair Cracks in the Surface of Plates (Haarrisse auf der Oberflaeche von Ble- 
chen). E. A. MatesKa. Archiv fuer das Eisenhuettenwesen (Duesseldorf), 
2: 11, May, 1929, pp. 681-705, 47 figs. Tests carried out to investigate cause 
of hair-crack formation on plates are described in detail and results tabulated 
and illustrated; main cause is attributed to great difference between surface 


and internal temperature of rolled material. 


The Effect of Cold Working on Boiler Drums. F.G.Srravs, R. K. Hopkins 
andH.L.Wuitney. Power,69: 25, June 18, 1929, pp. 998-1002, 16 figs. Caus- 
tic embrittlement of boiler drums, due to high carbonate alkalinity, occurs 


where fabrication has set up internal strains in metal; results of experimental ; 


study of strains set up by various methods of fabrication are presented. 


Boiler Failures (Ueber Damfkesselschaeden). R. Strumpnr. Waerme 


(Berlin), 52: 23 and 24, June 8 and 15, 1929, pp. 453-458 and 473-477, 18 figs. 
Importance of proper boiler-materials testing is emphasized; principal causes 
of failures; results of some investigations of boiler accidents; rivet-hole cracks 
in an old boiler; embrittlement of rivet due to superheating and poor material, 
or to cold working and ageing; crack formation in superheater tubes due to 
coarse grain recrystallization; corrosion of fire-tube boiler; transverse cracks 
in water tube due to heat stresses and corrosion. 


Reactions Occurring at High Pressures (Sur quelques réactions réalisées 
sous pression élevée). E. Bert. Chimic et Industrie (Paris), 21: 3, March, 
1929, pp. 452-465, 32 figs. Experimental study of explosiveness of mixtures of 
air and gas fuels, at various pressures; corrosion of iron in boilers at pressures 
of from 100 to 200 atmospheres. 


Boiler Operation at High Pressure Demands Exact Water Conditioning. R. 
E. Hau. Power, 69: 22, May 28, 1929, pp. 873-875, 1 fig. Essential factors 
of exactitude in water condition for high-pressure operation; chemical reactiv- 
ity between boiler metal and water; maintenance of thin protective film formed 
from and integral with surface of boiler, which defends metal against direct 
reaction of boiler and components therein; curve showing relation of acidity 
and causticity to protection of boiler metal. 


Corrosion Research Applied in Heating Engineering (Angewandte Korrosions- 
forschung fuer die Heizungsindustrie). H.Batcxse. Gesundheits-Ingenieur 
(Munich), 52: 4, January 26, 1929, pp. 49-53. Summary of recent research; 
prevention of corrosion in low-pressure boilers, water heaters, and hot-water 
heating systems. 
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Boller Feedwater Should be Free From Oxygen. Power Plant Eng. “5 | 33: 10, 

May 15, 1929, pp. 566-568, 3 figs. Oxygen determinations should be made at 
first indication of corrosion; WINKLER iodimetric method taken from Chemists 
Subcommittee Report of Prime Movers Committee of Nat. Elec. Light Assn. 
is given in detail. 


Simple Method of Investigation for Water-Purification Plants (Ein einfaches 
Untersuchungsverfahren fuer Wasserreinigungsanlagen). K.Taussia. Archiv 
fuer Waermewirtschaft (Berlin), vol. 10, no. 7, July, 1929, pp. 249-252, 2 figs. 
Simple method for determination of hardness and alkalinity of pure water, 
and hardness, alkalinity, and soda content of boiler feedwater, is described. 


Standard Methods of Water Analysis. H. Farmer. Fuels and Steam Power 
(A.S.M.E. Trans.), 51: 12, May—August, 1929, pp. 90-93, 5 figs. Report pre- 
sents tentative method for determination of dissolved oxygen in boiler feed- 
water; application of test; WINKLER method for determining dissolved oxygen; 
summary of reagents; collection of sample; adding reagents; titrating sample; 
calculations; apparatus; tolerances. 


Regenerative Feed Heating. D.M.Smitu. Elec. Times (Lond.), 75: 1963, 
June 6, 1929, pp. 884-886, 5 figs. Various feedwater-heating and drain systems 
are considered; cascade, separate drain-pump, drain-cooler and low-lift drain 
pump systems; decrease in heat consumption with regenerative turbine feed- 
heating in installation having economizer with and without air heater; graphs 


showing feed-heater drain arrangements. 


Report of Society Representatives on the Joint Research on 
Feed Water Studies. American Society Testing Materials.—Advance paper, 
no. 34, for mtg., June 24-28, 1929, 4 pp. Research is being carried on to deter- _ 
mine fundamental principles underlying certain phenomena which take place © 
in steam boilers; effect of water on metals occupies major part of program; 


résumé of more important subjects listed for investigation. jee 


x 


Silicic Acid in Boiler Feedwater (Kieselsaeure im Reseplansingmmaeet): | 
BRAUNGARD. Waerme (Berlin), 52: 15, April 13, 1929, pp. 277-280. Sugges- — 
tions for preventing separation of silicic acid in boiler, set up by German Asso- _ 
ciation of Large Boiler Owners, are supplemented and extended in present 
paper; notes on occurrence and quantity of silicic acid in natural waters, and _ 
view of leading authorities on possibilities and methods of separation, and 
rendering silicic acid harmless; possibilities of removing silicic acid outside of pt. 
boiler. 

he 

Boiler Room Chemistry Reduces Steam Troubles. L. M. WiLLIAms. Re- 
finer, 8: 1, January, 1929, pp. 98, 100 and 102, 3 figs. Description of water- 
treating plant built with equipment derived chiefly from junk pile at refinery _ 
in North Texas; details of practice in treatments of water that is high in dis- _ 
solved solids, mostly sulphates and chlorides, by lime and soda-ash treatment. — 


ABSTRACTS OF WATER WORKS LITERATURE 1749 oe se 
| 
> 
a 
a 
+ 


Boiler Water Concentration and Control. Eng. and Boiler House Rey. 
(Lond.), 42: 10, April, 1929, pp. 550 and 552, 1 fig. Notes on principle which is 
now established in practice; ideal system of feedwater treatment should in- 
clude: preheating and correct conditioning of crude water, control of water 
quality in boiler, continuous return system between boiler and softener, re- 
- moval of necessary proportion of boiler water; economic utilization of water 
removed. 


Boiler Water Control. Elec. West, 62: 6, May 15, 1929, pp. 441-442. Report 
_ of Boiler and Condensing Water Committee of Pacific Coast Electrical Assn., 
containing discussion of boiler-water control maintaining new standard ratio of 
sulphate to carbonate, by sulphate-phosphate treatment; reasons and reac- 
tions involved where make-up is from zeolite softeners, and condensate may be 
contaminated with seawater; brief statement of hydrogen-ion control as ex- 
perienced by Pacific Gas and Electric Co. 


_ Control of Boiler-Water Treatment to Prevent Embrittlement. F.G. Srraus. 
Am. Soc. Mech. Engrs.—Advance paper for mtg., May 13-16, 1929,2 pp. Author 
- discusses necessity for boiler-room control of treatments used to prevent 
- embrittlement; this control is based upon rapid and sufficiently accurate 
- analysis which may be run readily by boiler attendants; analyses discussed 
are for total alkalinity, sodium sulphate, and sodium phosphate; details of 
lorimetric method for phosphate; recommends that all boiler-water analyses 
be checked from time to time by laboratories familiar with water analyses. 


Expert Supervision Necessary in Feed-Water Conditioning. H.C. Dincer. 
Power, 69: 15, April 9, 1929, p. 589. Feed treatment based on water analysis 
and expert examination of boiler-operating conditions is advisable procedure; 
_ how to select compound. 


Feedwater Treatment in the Mining and Metallurgical Industry (Zur Frage 
a der Speisewasseraufbereitung in Huetten-und Montanbetrieben). W. 0. 

4 OsENBERG. Waerme (Berlin), 52: 16, April, 1929, pp. 293-299, 6 figs. Feed- 

_ water-treatment requirements for mining and metallurgical works are dis- 
--- eussed; condensate recovery; evaporators in power and industrial plants; 
feedwater degasification; feedwater preheating. 


_ Points to Consider in Treating Feed Water. H.C. Dincrer. Power, 69: 16, 
_ April, 1929, pp. 630-631. Factors in determining arrangements for condition- 

_ ing feedwater are: removal of air and corrosive and scale-forming ingredients 
from feedwater, involving distilling, pretreatment, filtering, etc.; after-treat- 
E ‘ment to correct conditions that have not been entirely overcome; proper blow- 

A down procedure to eliminate collection of solids and sludge and to reduce con- 
~ centrations of impurities in boiler; condition of make-up feed; application of 
protective surface film; alkalinity or pH control. 


Present Tendency of Boiler-Water Conditioning. R.E. Hatt. Combus- 
f tion, 20: 2, February, 1929, pp. 90-92. Scope of boiler-water conditioning; 
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choice of equipment for attaining essential relations; maintenance of condi- 
tions, keynote of boiler-water conditioning; no consideration has been given 
to relative mechanical merits of different types of equipment. Abstract of 
paper read before Am. So. Mech. Engrs. 


Sampling Boiler Water for Testing and Guidance of Treatment. S.C. Paag. 
Universal Engr., 50: 1, July, 1929, pp. 25-27, 3 figs. Simple layout makes it 
possible to make competent test of boiler fluid that may save considerable 
expense and avert hazards of ignorance of boiler-water conditions; easily 
constructed device for securing boiler fluid for testing purposes and arrange- 
ment for drawing off liquid for testing and application. 


Some Results of Boiler Water Conditioning. R.E.Hatu. Iron and Steel 

Engr., 6: 6, June, 1929, pp. 380-389. Early development; general answer to 

question ‘‘how much soda ash to use;”’ classification of seale-forming and sludge- 

- forming substances; second stage of development; phosphate for water condi- 

tioning; third stage of development; boiling conditions; H att system methods 

of control; routine tests; reports of boiler water conditions; examples of water 
conditioning; analysis of various feedwaters. 


Suspended Matter in Boiler Feed Water. R.Batpwin. Elec. Rev. (Lond.), 
104: 2669, January 18, 1929, p. 100. Author concludes that after chemical 
precipitation mechanical filtration is necessary. 


Influence of Chemicals in Boiler Feedwater on Steam-Cylinder Lubrication 
(Die Beeinflussung der Dampfzylinderschmierung durch Chemikalienzusatz 
zum Kesselspeisewasser). G. SpeTrMANN, Feuerungstechnik (Leipzig), 17: 
7, April 1, 1929, pp. 75-77. Two examples of harmful effects are cited; only in 

ease of feedwater composed mainly of calcium carbonate with very little mag- 
nesia and gypsum and only small quantities of soluble salts, are satisfactory 
results obtained with lime-soda process. 


Deconcentration: An Aspect of Boiler Control. Chem. Age (Lond.), 20: 

515 and 516, May 11 and 18, 1929, pp. 443-444 and 465-466. May 11: However 
much attention be paid to softening or other pretreatment of boiler water, 
_ progressive increase in its content of soluble salts still requires attention; ex- 
haustive discussion of this aspect of boiler control is given; softening; salt 


- increase in saline concentration; control of concentration; evaporation of 
_ make-up. May 18: Intermittent or periodical blow-down; economic aspect. 


speisung nochmals zu entgasen?) H. Scuiicke. Waerme (Berlin), 52: 22, 
June 1, 1929, pp. 442-443. Condensate from modern condenser installations is 
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transference; priming and foaming; conditions upon which foaming depend 
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___ Should Condensate from Steam Turbines be Again Degasified beforeAdmis- = 
to Boiler? (Ist das Kondensat von Dampfturbinenanlagen vor der Kessel- 
entirely free of gas and can be fed directly to boiler; but condensate from older Pat 4 
plants must be collected and degasified before entering boiler. eee q 
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Removing Oil from Feed Water. F. Grove-PatmMeR. Power, 69: 25, June 
18, 1929, p. 1003. Dangers of oil present in form of emulsion in condensate and 
bulk of water are enumerated; analysis of condensate is suggested; applica- 
tion of oil separator; coagulation of oily emulsion by means of aluminum gyl- 
phate solution. 


Combating Boiler Corrosion. C. H. Koyz. Boiler Maker, 29: 6, June, 
1929, pp. 164-165. Presence of caustic soda in treated waters has nearly anni- 
hilated corrosion of all kinds; use of soda-ash on hard-water division between 
Perry, Ia., and Council Bluffs, Ia., has nearly done away with pitting; open 
feedwater heaters on these other divisions have not received care bestowed by 
original crew on first open heater placed four years ago on Sioux City Division, 
Paper presented before Master Boiler Makers Assn. 


Electric Current and Arsenic Check Boiler Corrosion. Ry. Elec. Engr., 20: 
5, May, 1929, pp. 145-149, 5 figs. Chicago and Alton has equipped boilers of 75 
locomotives with electrochemical method of preventing boiler corrosion, 
known as GUNDERSON process, in order to create condition inhibitive to pitting 
and grooving; system is described and data gained from experience since 
September, 1924 are given. 


British Locomotive Boiler Practice. A. Seron. Eng. and Boiler House 
Rev. (Lond.), 42: 12, June, 1929, pp. 650-652 and 654. Notes on boiler feed- 
water treatment and internal cleansing of boilers; American practice. 


Dearborn-Wagner Feedwater. Ry. Age, 87: 2, July 13, 1929, p. 161. Fea- 
tures of appliance consisting of specially constructed dome and mud pocket 
installed on locomotive boiler at top and bottom of front course, respectively, 
which is standard equipment on Deutsche-Reischsbahn (German State Rail- 
way), with several thousand locomotives thus equipped. 


Zeolite Process for Softening of Locomotive Feedwater (Zeolithverfahren 
fuer Lokomotivspeisewaesser). K. BrRaAuUNGARD. Waerme (Berlin), 52: 23, 
June 8, 1929, pp. 462-464. American experiences with zeolite treatment of 
feedwater in railroad practice are discussed; comparison of base-exchange and 
precipitation processes; results obtained at plants of Southern Pacific Railroad; 
comparative costs for railroad practice of soda-lime and zeolite purification 
processes. 


The Corrosion Problem as Applied to Power Plants. R.S. Rawpon and K. 
H. Logan. Fuels and Steam Power (A.S.M.E. Trans.), 51: 1, January-April, 
1929, pp. 19-24, 7 figs. Discussion of corrosion problem as it relates both to 
inside and outside of power plant, that is, to generating of power and its trans- 
mission; boiler corrosion and water treatment; extent to which corrosion of 
boiler and allied equipment can be controlled by wise choice of material; 
corrosion from furnace combustion products; corrosion of overhead and under- 
ground transmission lines; failures of reinforced concrete. Paper presented 
before Midwest Power Eng. Conference. 
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Factors Affecting Corrosion in Power Plants and Piping. G.L. Brags. Nat. 
Engr., 33: 8, August, 1929, pp. 375-377. Brief discussion of cause of corrosion ; 
gases that nem corrosion; causes of corrosion in steam lines, corrosion in 


Determination of Dissolved Oxygen in Water (Bestimmung im Wasser geloes- 
ten Sauerstoffes), Bacu. Gesundheits-Ingenieur (Munich), 52: 3, January 


ae _ sample is colored with phenosofranine and is reduced witn ferroammonium 
solution. 


Wasser). M.Grorck. Gesundheits-Ingenieur (Munich), 52: 7, Febru- 
ee ary 16, 1929, pp. 97-102. Experimental study of factors and processes causing 
formation of boiler scale, protective coating deposits, and incrustations in 
containers and pipes carrying hot or cold water. 


_ The Cost of Softening Water by the Base Exchange Process. H.G. Catu- 

cart. Domestic Eng. (Lond.), 49: 3 and 4, March and April, 1929, pp. 47-51, 
70-74, 7 figs. Brief discussion of typical plant of base-exchange type. Paper 
read before Instn. Heating and Vent. Engrs. 


‘Zeolite Treating Plants and Their Operation. W.G. Watkins. Refiner, 8: 
4, April, 1929, pp. 73-74. Chemistry of zeolite water softening; regeneration 


and salt requirements; softening efficiency. Reprint from Skelly News. 


Developments in Water Treatment. O. A. De and A. 8. BenrMan. 
 Refrig. Eng., 17: 2, February, 1929, pp. 55-59, 4figs. Manufacture o raw water 
_ ice from almost any water is reported to be possible with process of water puri- 
fication discussed; object, and necessity, of water treatment in manufacture 
of raw water ice is briefly discussed in introduction; limitations of chemical 
treatment; principle of new process; application to ice; limitations of sat 


Municipal Water Supplies and the Effect of Trade Wastes in Relation to the. 
Use of Water in Power-Plant Practice. V.B.Srmms. Fuels and Steam Power 
_ (A.S.M.E. Trans.), 51: 12, May-August, 1929, pp. 87-89. Report enumerates 
_ factors contributing to water-supply pollution, feedwater problem, and con- 
denser operation difficulties encountered in steam power plant practice; reo- 

ommendations for control of stream pollution. Bibliography. van'te° amet 
ini 
Water Plant Follows Indian Design. F.Kurnewsky. Water Works Eng., 
82; 3, January 30, 1929, pp. 139-140 and 148, 4 figs. Plant at Albuquerque, 
_ N.M., has maximum daily capacity of 6,000,000 gal.; water treated for iron 
_ and hardness, filtered and chlorinated. 
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(Items from ‘‘Chemical Abstracts’’ contributed by Dr. A. M. Buswell) 


Apparatus for Separating Oil from Boiler-Feed Water. Snort, THomas A, 
U.S. 1,708,033, April9. Chem. Abstract 23: 10, 2521, May 20,1929. Analarm 
device is provided for indicating when oil accumulates in the feed-water 
supply. 


The Classification and Evaluation of Boiler-Feed Water. Srumpnr, R. 
Wiarme, 51: 717, 1928; Wasser u. Abwasser 25: 207. Chemical Abstracts, 23: 12, 
3038, June 20, 1929. Determinations of Ca, Mg, HCO; and total hardness of 
boiler-feed waters give important data on scale formation in boilers and aid 
greatly in evaluating a water for steam generation.—C. R. Fellers. 


The Influence of Magnesium Content on the Hardness of Boiler-Feed 
Waters. Hermann, P. Warme, 512: 755-7, 1928; Wasser u. Abwasser, 25; 207. 
Chemical abstracts, 23; 12, 3038, June 20, 1929. Mg in water cannot be 
removed by chemical means. Large amounts of Mg cause scale formation.— 


C. R. F. 


Preventing Incrustation in Boilers. Barpr, H. Brit. 294,658, July 29, 
1927. Chem. Abs., 23: 8, 1978, April 20, 1929. Scale deposition in steam boil- 
ers is prevented by use of a mixture of activated C and a metal powder such 
as Cu which is electronegative to Fe. 


Preventing Incrustation in Boilers. Gorpon, J. Brit. 299,073, May 17, 
1927. Chem. Abstracts, 23: 12, 3043, June 20, 1929. A soluble carbonate is 
added to the boiler water in such proportions that Ca is precipitated as car- 
bonate, which forms a non-adherent sludge. The conditions of the treatment 
are also favorable for the precipitation of Mg and Fe salts, silicates, and some 
other impurities in non-adherent form. Na,CO;, NaHCO; or BaSQ,y. A 
chart of different concentrations suitable for adding phosphate to the boiler 
water to precipitate Ca phosphate as a sludge. A fluoride or arsenate also 
may be used for the production of a non-adherent precipitate. Most of the 
Ca and Mg are preferably removed by a preliminary treatment with lime and 
Na,CO;. A chart of appropriate concentrations of reagent is given. 


Preventing Incrustation in Boilers. Kircuin, Boris (to Filtrators Co.). 
U.S. 1,704,390, March 5. Chem. Abstracts, 23: 8, 1978, April 20, 1929. A de- 
vice is described in which vegetable material such as flax-seed is placed, to 
which steam is supplied, and from which condensate is led to the boiler water. 


Preventing or Removing Boiler Incrustation. Riedel-E., J. D. and De Haén, 
A.-G. Ger. 474,272, November 21, 1922. Chem. Abs., 23: 12, 3043, June 20, 
1929. Water-insoluble inorganic substances, e.g., alumina, kaolin, or graphite, 
are kept in colloidal suspension in the water. 


Preventing Incrustation in Boilers. Lazarus, W. Brit. 294,224, July 21, 
1927. Chemical Abstracts, 23: 8, 1978, April 20, 1929. The process described 
in Brit. 283,517 (C. A. 22: 4193) is modified by the use of alkalin 


| 
; 
| 
3 un 
: 
c 


as BaCO; or Ba(OH), instead of alkali or alkali metal carbonate for treating 
the hardness remaining after boiling. 


Softening Water. Hans Reisert & Co. Komm.-Ges. Auf Aktien. Ger. 471,982 
December 24, 1922. Chem. Abstracts, 23: 13, 3290, July 10,1929. The feed 
water for steam boilers is divided into 2 portions before feeding. One portion 
is treated with a basic softening agent and the other with led-back boiler water. 


Superposed Tray System for Purifying Feed Water for Boilers. Pxrcz, Kor- 
Resté, Karu (to Nathan Mfg. Co.), U.S. 1,705,095, March 12. Chemi- 
eal Abstracts, 23, 8, 1978, April 20, 1929. 


The Use of Chemically Prepared Feed-Water for High-Pressure Boilers. 
_ §pLITTERGFRBER, A. Wirme, 51: 733-9, 1928; Wasser u. Abwasser, 25: 207. 
Chemical Abstracts, 23: 12, 3038, June 20,1929-—C. R. Fellers,§ 
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_ Eighth Annual Report of Ohio Conference on Water Purification, November 
‘1-2, 1928. (1929). Operation of the McDonald Water Softening Plant. T. 8S. 

- Woopwarp. 13. A brief outline. The water supply, obtained from an 
abandoned coal mine, is hard and contains a considerable amount of Fe. Lime 
softening is employed, which also removes the Fe. Operation of the Water 
‘Softening Plant at Leroy. A. E. Kimperty. 13. Although the population is 
but 350, Leroy has a 25,000-gallon per day, intermittently-operated softening 
ek plant. The hardness of the well water is 570 p.p.m. and of the softened water, 
$5. Airagitationisemployed. The filter sand is becoming incrusted. Opera- 

tion of the Westerville Water Softening Plant. J.H. Wenazer. 13-14. The 
_ softening plant of Westerville, constructed at a cost of $49,000, consists of dry 
feed lime, soda, and alum machines, 2 mechanical mixing chambers, 2 coagula- 
on basins and two 300,000-gallon per day filters. The hardness of the raw 
water, derived principally from Alum Greek, averages about 300 p.p.m., and 
of the softened water, about 90 p.p.m. The cost of chemicals for softening and 
coagulation averages about $28 per million gallons. Operation of the Medina 
Water Softening Plant. A.H.Fretrer. 14-5. The water supply of Medina, 
derived from a small creek, is hard and at times very turbid and carries a high 
bacterial load. The softening and filter plant has a capacity of 1 million gal- 
lons per day and consists of chemical feed machines for lime, NazCOs, and alum, 
a gravity mixing chamber, 2 coagulation basins with CO, diffusers at the efflu- 
ent end, and 2 filters. Prior to adopting carbonation, considerable incrusta- 
tion of the filter sand occurred. The CO; is generated by burning coke; gas 
containing 12-18 per cent CO, being easily obtained. From 3 to 4 per cent 
escapes without being absorbed by the water. The gas is drawn from the flues 
by water injectors, the throats of which are made of brass, Fe having been 
found to last only 6 weeks. The coke consumption is about 200 pounds per 
million gallons. Use of Pulverized Quick Lime at Portsmouth. F. E. Suen- 
HAN. 21-2. Lime treatment is employed at Portsmouth to reduce the CO, 
content, and excess lime treatment is substituted for chlorination when the 
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raw water contains phenol. Arching of Ca(OH), in the hoppers of drv feed 
machines and troubles with insoluble cores in pebble lime led to the use of 
ground burnt lime. Shipped in steel containers or paper-lined burlap sacks, it 
retains its CaO content indefinitely. It can be applied through dry feed 
machines without difficulty. There is no heat developed during slaking and 
the reaction is complete. The unit cost is somewhat less than for Ca(OH)». 
Desirability of Metal Instead of Concrete for Exposed Open Flumes. J. M. 
MontGoMery. 22. The concrete flume between the mixing tanks and the Dorr 
clarifier in the Piqua softening plant failed after being 2 years in operation and 
has been replaced with a flume of steel boiler plate. Frost action was particu- 
larly severe at the water line. J. W. Exums reported disintegration of the 
concrete in the filters at Cleveland. Experiment on Using Broken Stone In- 
stead of Gravel in Filter Bottoms. O.F.Scuorpris. 23-4. A 4-inch layer of 
23-inch hard dolomitic limestone was placed beneath the original gravel 
during reconstruction of one of the filters of the Sandusky plant in June, 1928. 
No trouble has since been experienced with gravel inversion in this filter, no 
hard spots have developed, and the distribution of the wash water is very even. 
Successful use of crushed stone at other plants was reported, the irregular- — 
shaped rock staying in place better than grounded gravel. The Use of Steel vs. 
Concrete for Wash Water Tanks. 24. A Discussion of the relative merits of 
steel and concrete, in which experience at several plants is outlined. The chief — 

difficulty with the former is leakage, and with latter, painting and repairing | 

while in operation. A Small Sand Washer and Gravel Grader. F. E.SHernan. 
25-6. A description of a machine used during reconditioning of the filters at 
Portsmouth. The Use of Carbon Dioxide Scrubber Water for Removing Sand 
Incrustation. J. M. Montaomery. 26-7. Carbonation is effected at Piqua 
with CO, produced by burning coke, the gas being scrubbed before being ap- 


plied to the water. Recently the water used for scrubbing has been passed _ 


upwards through the filter beds to remove the incrustation on the sand result- 
ing from excess lime softening. The alkalinity of this water after passing — 
through the sand has been found to be as high as 1000 p.p.m. In the Discussion — 
which followed, the possibility of corrosion being caused by this practice was — 


suggested. C.P. Hoover suggested recarbonation in 2 stages, near the outlet 


of the mixing chamber and at the inlet to the filters, to prevent sand incrusta- 
tion. The Lima Water Purification Plant. E. E. Smita, 2nd. 31-8. The 
sources of the Lima water supply are Lima Lake and Lost Creek reservoir, 
into both of which Ottawa River water is pumped. The filter plant, which 
has a capacity of 8 million gallons per day, consists of chemical feed machines, — 
carbonation equipment, 2 baffled mixing basins, 2 coagulation basins, 6 rapid 
sand filters, andchlorinationapparatus. Application of CuSO, in the receiving © 
reservoirs has been found to be an effective remedy for short filter runs due tc 
algae. Since 1925, CO., generated by burning coke, has been applied to the _ 


water for reducing the alum dosage. The water is hard, averaging about 222 


p.p.m. Suggested plant changes to permit softening to be carried out are 
outlined. New Water Supply and Water Purification Plant at Wellston. F.E. 


SHEEHAN. 39-42. The water supply of Wellstcn, obtained from Little Rac- _ 


coon Creek and Lake Alma, is treated in a 2-million gallon per day plant con- 
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bers, coagulation basin, 2 rapid sand filters, and chlorination equipment. 
The chambers of the rate controllers serve as effluent sight wells or turbidim- 
eters. Tabulated data on the purification effected during 1928 are included. 
Proposed Re-Sanding of the Cincinnati Filters. Ciuarence BAHLMAN. 43-4. 
The Cincinnati filters, after 21 years’ service, are to be re-sanded. The effec- 
tive size of the sand has increased from 0.34 to 0.50 mm., and the acid-soluble 
content from 1.1 to 50.8 per cent. The incrustation, an analysis of which is 
given, has increased the depth of the sand bed from 30 to 38.5 inches. No de- 
crease in efficiency due to the coarser sand has been observed. Sand loss dur- 
ing washing is confined to the winter months, probably due to the greater 
density of the cold water. The reconstructed bed will contain 14 inches of 
gravel and 28 inches of sand. A portion of the old sand will be mixed with new 
Ohio River sand, purchased at $1.60 per ton delivered. The equipment used 
for grading the sand is described. Approximately 73 per cent of the new crude 
sand is being utilized. In Discussion, J. W. ELuMs reported that more sand 
was lost during washing in winter at Cleveland also, due to the greater viscosity 
of the cold water. During hot weather a 39-inch rise of wash water can be 
employed, while in winter the rate is reduced to 24 inches per minute. Water 
Softening for Small Municipalities. CHartes P. Hoover. 45-52. A general 
discussion of water softening for cities with water consumption up to 1 million 
gallons per day, and a description of the softening plants at Batavia and New 
Richmond. The softened water should have a hardness of 70-80 p.p.m. The 
plant at Batavia, treating Little Miami River water, is of the fill and draw type 
and consists of chemical feed equipment, 2 settling basins, carbonation cham- 
ber, and two 0.25-million gallon per day rapid sand filters. Mixing is effected 
by compressed air. The CO, generating equipment consists of a combined 
oil furnace, washer, scrubber, and dryer. The limesoda plant at New Rich- 
mond consists of 2 wells, chemical feed devices, a combined mixing (baffled) 
and settling tank, recarbonation equipment, and 2 pressure filters; the rated 
capacity being 0.864 million gallon per day. In Discussion, the Glendale fill 
and draw, lime-soda plant was described. The well water has a hardness of 
about 290 p.p.m., and the softened water usually varies between 50 and 60. 
Recarbonation is not employed and the filter sand and hot water pipes are be- 
coming incrusted. The Lowellville Zeolite Water Softening Plant. W. H. 
Knox. 53-5. The new zeolite softening plant at Lowellville is the first 
municipal plant of this type in Ohio. The capacity is 350,000 gallons per 24 
hours, but it is only operated for 6 hours each day. The water flows upwards 
through 2 feet of gravel and 9 feet of zeolite. For regeneration, brine is ap- 
plied to the top of the filter. The wash water used is approximately 6 per cent 
of the water softened. The raw well water, which has a hardness of 285 p.p.m., 
is mixed with the softened water in the proportion of about 19 to 81, giving a 
product of about 80 p.p.m. hardness. The chemical cost is about 2.8 cents per 
1000 gallons of water softened, or 1.36 cents per 1000 gallons per 100 p.p.m. 
reduction in hardness. The cost of pumping is 3.14 cents per 1000 gallons. 
Bactericidal Action of Lime in Sub-Caustic Doses. CLARENCE BAHLMAN. 
56-9. Excess lime treatment, sufficient being added to give a caustic alka- 
linity of 5 p.p.m., has been successfully employed at Cincinnati on occasions 
when chlorination has been suspended on account of taste. Recent observa- 
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when more lime is added than required for coagulation, but not sufficient to pro- 
duce causticity. With normal iron and lime treatment, 30 to 45 per cent of the 
filter influent alkalinity is in the form of normal carbonates and the pH value 
ranges from 9.0 to 9.3. When using the higher lime dosages experimented with, 
which were 70 to 90 per cent higher than normal, 50 to 80 per cent of the alka- 
linity was normal carbonate and the pH was9.4to9.5. Markedly better B. coli 
reductions were obtained under the latter conditions. B. believes that the 
higher removals were more probably due to improved coagulation than to de- 
struction of the organisms, the filter efluent always being more brilliant with 
the increased lime dosages. The method of treatment is suggested for com- 
bating unusual pollution. Continuous use would result in sand incrustation. 
D. H. Rupp, in Discussion, stated that a caustic alkalinity of 15 p.p.m. at Okla- 
homa City results in a considerable reduction in bacterial content, but does not 
effect sterilization. Research on Removal of Phenolic Tastes in Public Water 
Supplies. R.D.Scorr. 60-3. Results are given of bottle experiments on the 
treatment of water containing 0.01, 0.1, and 1 p.p.m. of phenol. The Cl, 
consuming power of ammonia still liquor in distilled water was found to be 
nearly 1 p.p.m. per 1 p.p.m. of phenol after 20 hrs. contact and the O, consumed 
value, 2.6 p.p.m. per 1 p.p.m. of phenol. The O, consumed value of pure 
phenol was 1.8 perl p.p.m. The minimum concentration of phenol which will 
cause a taste on chlorination varies with different waters, e.g., at Columbus, 10 | 
parts per billion in the raw water and 0.2 parts per billion in the filtered. The 
minimum concentration of phenol detectable by taste in the absence of Cl, is 
1 p.p.m. In experiments on superchlorination, it was found that the dosage 
required seemed to depend on the Cl, absorptionin20hrs. Only a slight resid- 
ual need be present at the end of this period. Progressive increases in Cl, 
dosage did not result in corresponding increases in residual Cl,. It is sug- 
gested that the dosage required to produce the first progressive increase in 
residual Cl, might be designated the superchlorination value of the water, the 
data indicating that this value is a measure of the Cl. dosage required to 
eliminate chlorophenol tastes. Addition of KMnO, reduces the Cl, required 
to eliminate taste, 1 p.p.m. KMn0O, being as effective as4p.p.m. Cl:, as com- 
pared with their relative oxidizing powers of 1 to approximately0.9. Addition 
of ammonia prior to Cl, ‘in proportion of 0.5 to 1 prevented the production of — 
taste from 0.1 p.p.m. phenol when Cl, dosages up to 0.5 p.p.m. were employed. 
Slight taste developed with higher Cl, applications. The residual Cl, content 
is higher with Cl, and ammonia treatment than with Cl, alone and increases — 
directly with the proportion of ammonia used. Taste prevention by this __ 
method is probably due to the fact that the affinity of chloramine for organic — 
matter is less than that of Cl.. E.Warzu discussed the use of activated car- — 
bon C for dechlorination. The ratio of carbon destruction to Cl. removed is 
approximately 1:6. The products are CO, and HCl. Filtration rates of 24 
to 72 gallons per square foot per minute can be maintained through beds of 
carbon 5 feet deep. The most suitable size of carbon is0.2-inch. The Phenol © 
Recovery and Treatment Works of the Hamilton Coke and Iron Company, Hamil- 
ton, Ohio. B. F. Hatcu. 64-9. An illustrated description of the phenol 
recovery plant recently placed in operation by the Koppers Co., at the works of 
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the Hamilton Coke and IronCo. Ammonia is recovered by the direct process, 
the volume of waste from the still being approximately 30 gallons per ton of 
coal coked, or 35,000 gallons per day. The process consists essentially in 
passing an inert gas saturated with steam in a closed cycle through the hot 
partially-distilled liquor, which is taken from the bottom of the free still before 


- dephanolizing section with 3 NaOH scrubbing sections below. A mixture of 
approximately 90 per cent steam and 10 per cent air or other inert gas, blown 
in counter current direction to the waste, maintains the temperature in the 
tower just below boiling point and vaporizes the tar acids. The mixture of 
steam and gases is drawn from the top of the tower and introduced into the 
NaOH scrubbing chambers below, where the phenol is retained, the steam and 
inert gas again passing up into the dephenolizing section. Fresh NaOH solu- 
tion is continuously applied to the uppermost of the 3 scrubbing sections and 
the partially-spent NaOH is recirculated through the other two. The result- 
ing PhONa is sprung with stack gas, the phenol being drawn off in saleable 
form. The dephenolized liquor is returned to the still and the final effluent 
_ discharged into a pond. The phenol content is reduced from 2.5-3.0 g. per 
liter, to below 100 p.p.m., i.e., a removal of 95 per cent, or better. The cost of 
the process is not burdensome. Results Obtained in Phenolic Wastes Disposal 
under the Ohio River Basin Interstate Stream Conservation Agreement. F. H. 
Warne. 70-80. An extensive review of the phenol waste problem and 
methods of treatment of ammonia still liquor, with particular reference to 
conditions in the Ohio River basin. Details are included of the Ohio River 
interstate conservation agreement, one provision of which is that signators 
will promptly notify downstream or adjacent signators of unusual events affect- 
ing the Ohio River or its tributaries, such as phenol spills, typhoid epidemics, 
etc. Of the 18 plants in the Ohio basin which have phenol wastes to dispose 
of, only 2 have not complied with the requirements regarding installation of 
phenol elimination systems. The quenching system of disposal is unsatis- 
factory and is costly, both to instal in an existing plant and to maintain. 
Other methods of treatment include extraction of the phenol with benzol or 
light oil, distillation in a specially constructed ammonia still in which phenol 
is sollected in the distillate as PhONH,, and the Koppers phenol recovery 


Industrial Carbon. C. L. Mantextt. D. Van Nostrand Co., 410 pp., 1928. 
In his preface the author states that he has attempted to cover the technologic 
application of elemental carbon aside from its use as a fuel. 
“The contents of this volume fall naturally into several subdivisions,— 
the truly elemental forms such as diamonds and graphites, with their industrial 
phases; carbon pigments and fillers, such as carbon black, lampblack and other 
blacks; adsorbent carbon of the gas, decolorizing and metal adsorbent types. 
with which bone black is grouped; and the manufactured carbon products, 
such as electrodes, brushes, ete. A reference chapter on the physical char- 
eteristics of carbon is included.”’ 
Heretofore the literature on carbon has been so widely scattered, and in some 
nstances of such — opinions, that it has been difficult for the reader 
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to arrive at definite conclusions. That a book covering the various uses of 
carbon, other than for heating, has been needed for some time is evident. 
The author is to be commended on the manner in which he has handled the 
entire subject in one volume. 

The water chemist will be interested more particularly in the chapters on 
gas adsorbent charcoal, bone black, vegetable decolorizing carbon, and metal 
adsorbent chars. The book discusses the fundamentals of adsorption by the 
active carbons very thoroughly and gives much information that will enable 
one to form some idea of what to expect when activated carbon is used in water 
treatment, although the removal of objectionable tastes and odors from water 
is not discussed.—John R. Baylis. 


California. Surface Water Supply of the Sacramento River Basin, 1895-1927, 
H. D. McGuasnan. U. 8. Geol. Survey. Water-Supply Paper 597-E.— 
Arthur P. Miller. 


California. Surface Water Supply of the United States, 1925. Part XI. 
Pacific Slope Basins. NatHan C. Grover, H. D. McGuasnan, and F. F, 
Hensoaw. U. 8. Geol. Survey. Water-Supply Paper 611.—Arthur P. 
Miller. 


Washington. Surface Water Supply of the United States, 1925. Part XII. 
North Pacific Slope Drainage Basins. A. Pacific Basins in Washington and 
Upper Columbia River Basin. Natuan C. Grover, G. L. Parker, and W. A. 
Lams. U.S. Geol. Survey Water-Supply Paper 612.—Arthur P. Miller. 


Montana. Ground Water in Yellowstone and Treasure Counties. G. M. 
Haut and C. 8. Howarp. U.S. Geol. Survey. Water-Supply Paper 599.— 
A. P. Miller. 


Industrial Effluents, Their Purification, Disposal and Economic Utilization. 
B. Boum, 1928. Published by Otto Elxner, Verlagsgesellschaft, m.b.H., 
Berlin). Department of Scientific and Industrial Research, Water Pollution 
Research Board, Summary of Current Literature, 2: 1, C-4, November, 1928. 
(1) A general review of the subject including a consideration of the injurious 
effects of wastes on streams and of the possibilities of the practical utilization 
of industrial effluents; (2) The general methods of purification of waste waters 
—self purification, mechanical devices, screens, etc., sedimentation, chemical 
methods, natural and artificial biological methods; (3) the methods of purifica- 
tion suitable to particular industries; (4) precautions taken by the Authorities 
to preserve the purity of streams. In an appendix an abstract is given of the 
regulations obtaining in Prussia and in other German States with regard co the 
discharge of effluents into streams.—A. W. Blohm (Courtesy U.S.P.H. Eng. 
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temperature and, 531 

electrolytic; 933, 1388 seq. 

asbestos diaphragms, 
1390 seq 

dosage difficulty 
and, 1390 seq. 

vs. liquid chlorine; cost and, 1394 

{ efficiency and, 1392 seq. 

-H-ion concentration and, 1089 

Fi bacteria and, 257 
ptospira and, 254 

lime and, 1088 seq 

odor dissipation 934 

in Ontario, 101 gucai bat 

organic matter and, 1715 seq. — 
th, 


antiseptic action, 


renewal, 


934, 1089 


residual, practice, 329, 352 seq., 


539, 940, 1391, 1701 


Synedra and, 47 


taste and odor; ammonia and; 1085 
seq., 1710 

‘apparatus, 1087, 1094 seq., 
1698 3 


cost, 1093 i 
ammonium sulfate and, cost, 251 
chlorinous, ammonia and, 545 
permanganate and, cost, 251 
phenol; 346 seq., 542 seq., 794 
1693 seq. 

ammonia and; 544 seq., 794, 


? 


seq., 1694, 1697 seq. 
cost, 794 
 earbon ‘activated and; 794 
OM seq., 1694 
cost, 802 
concentration and, 348 seq., 
800, 1 
conference, Pittsburgh, 681 
decrease on standing, 1695 
seq. 
«and «low temperature 
and, 1700 
ozone ‘and, 1694 
permanganate and; 544 seq., 
; 794 seq., 1694, 1698 seq. re 
: cost, 795, 1703 
_ staining and, 1703 
superchlorination and; 543 
geq., 794 seq., 1626, 1694 
seq. 
pat after-taste and, 544 
; cost, 802 
filtered vs. raw water, 


1696 

reservoir, open, and, 941 seq. SNe 

ton containers and, 

see Algae; Coagulation; Color; Dis- 
tribution system; Filtration, 
rapid sand; Filtration, slow sand; 
Main; Microscopic organisms; 
Swimming pool; Tank; Taste and 
odor 

Chlorine; ammonia and, 

1705 seq. 

containers; ton, 329, 818 
valve, standard, 815 seq. 

germicidal power, ammonia and, 
1706 seq. 

see Chlorination; Hypochlorite 


reaction, 


=n 
pre-; 250 seq., 537 seq., 
seq., 1389 seq. eet 
aftergrowths and, 934 | 


bon and, 808 seq, 
determination, “‘activin’’ and, 680 
vs. oxygen consumed, 
“4 sunshine and, 47 
Chlorine, free, determination; starch- 
iodide, in acid and neutral solution, 
1708 
o-tolidin; comparator and, 401 
H-ion concentration and, 405 
iron and, 405 
manganese and, 401, 1212 seq., 
1320, 1322 seq., 1326, 1702 
reagent preparation, 402 
starch-iodide and, comparison, 
678 seq. 


standard, 815 seq. 
Chloroamine; see Chloramine 
- Cincinnati, O.; filter sand; coating, 
1490, 1492 
expansion during washing, 1490 
seq. 
Citrate; see Bacteria, colon group 
City Water Co.; hydrants; contrac- 
tors, use by, 1297 
damaged, notification and, 1298 
responsibility and, 1297 
Clarifier; see Coagulation basin; 
Sedimentation basin 
Clarion, Pa.; Crenothrix troubles, 
756 seq. 
iron troubles, 757 
water treatment, 757 
Clermont-Ferraud, France; cast iron 
pipe, old, 1678 
Cleveland, O.; dechlorination, acti- 
--vated carbon and, 804 
; high velocity, 1502, 
water consumption and, 1510 seq. 
free service, 477 seq. 
_ pollution from vessels, prevention, 
1662 
rates, 478 
sedimentation study, 1511 
_ Clostridium welchii; brilliant green 
and, 74 
- Coagulation; alum; aeration and, 934 
; carbon dioxide and, 934 
contact with filter sand and, 1503 
corrosiveness and; 934 
aeration and, 934 
dosage; agitation and, 239 seq., 
327 seq. 
lime and, 943 
pre-sedimentation and, 1226 
double, 934 seq. 
filter sand coating and, 1447, 1458 
seq., 1492, 1503 


SUBJECT 


Chlorine absorption; activated car-— 


Chlorine Institute; cylinder valve, 1 


floc, breaking up of, 935 
_ H-ion concentration and, 497 
and lime; addition, order of, 240 
om chlorination and, 261 
cost, 943 
residual alumina, pH and, 497 
taste and, 544 
turbidity and, 1633 seq. 
turbidity addition and, 935 
turbidity removal, 327 
double, 325 seq. t 
floc, velocity of flow and, 1689 
H-ion concentration and, 1076 
iron and lime; algae and, 1631 seq. 
vs. alum, cost and, 1631, 1638 seq. 
pre-sedimentation and, 
turbidity and, 1631 
filter sand coating and, 1492 
permanganate and, 1701 2 
reaction chamber, need of, 118 
see Color 
Coagulation basin; 325 seq., 931, 942, 
1230 
clarifier, Dorr, and, 1649 seq. 
sludge removal, clarifier, Dorr, and, 
490 seq. 
see Sedimentation basin 
Cobble Mountain Dam; see Spring- 
field, Mass. 
Collection; see Billing 
Colloids; in water; charge on, 1076 
electrocataphoresis studies, 1076 


seq. 
Color; colloidal, 1076 
rémoval, alum and lime, chlorina- 
tion and, 261 
Colorado; water rights, 1160 
Columbus, O.; softening; excess lime; 
1219 seq. 
carbonate deposits and, 1223 
filtration and; 1502 
sand deposits and, 1502 _ 
Committee reports; cast iron pipe 
and specials, 650 seq. 
manhole frames and covers, 1405 
water analysis, 668 seq. 
zine coating of iron and steel, 
1406 seq. 

Complaints; handling, 1280, 1547 seq. 
high bills and, practice, 1547 seq. 
Concrete; see Caisson; Gunite; Pipe, 

cement-lined; Pipe, concrete; Re- 
servoir; Tunnel 
Conflagration; hose coupling varia- 
tions and, 644 seq., 649 a 
Consumption; Erie Pa., 1228 a 
Kansas City, Kans., 1688 | 
London, Eng., 254 


: 
4 


Seattle, Wash., 365 seq. 
sewage discharge and, 1163 seq. 
Springfield, Mass., 889 
Toronto, Ont., 1616 

Wichita "Falls, Tex. 


Wisconsin Rapids, , 1346 
Coolgardie, pipeline, 
length, 1084 


Copper; history of, 1304 
human system and, 262 seq. 
see Pipe; Services 
Copper sulfate treatment ; algae and, 
1388 
bacterial increase and, 47 
Crenothrix and, 752 seq. 
of distribution system, 754 
of filters, rapid sand, 1321 seq. 
health and, 754 seq. 
nanno-plankton and, 321 
Protococcus and, 49, 253 
reservoir, service and, 45 seq., 321 
of swimming pool, 755 
Tetrastrum and, 45 seq. 
of well, 752 seq. 
Corrosion; solution pressure and, 420 
seq. 
~~ Boiler; Hot water system; Iron; 
Pipe; Services; Soil 
Steel; Toncan metal 
Corrosiveness; carbon dioxide and, 
1339 seq. 
deactivation and, 43, 1339 seq. 
deaeration and, 43, 1339 seq. 
H-ion concentration and, 1340 seq. 
lime bearing waters and, 1340 
lime-soda softening and, 1341 seq. 
lime treatment and, 43 
oxygen dissolved and; 40 seq., 1339 
seq. 
removal, extent necessary, 1340 
red water; alum coagulation and; 
934 
aeration and, 934 ~~ 
carbon dioxide and, 934 
sodium silicate and, 43 
temperature and, 41, "1340 
zeolite softening and, 1342 
Cosmarium; chlorination and, 1391 
Council Bluffs, Ia.; ; algae; chlorina- 
tion, electrolytic, and, 1388 seq. 
copper sulfate ‘and, 
odor and, 1388 
chlorination; air admixture and, 
1393 
electrolytic vs. liquid chlorine, 
1392 se 
Crenothrix; ¢ Joramine and, 1710 
ehlorination and, 752 seq. 


Bee for income tax returns, 1520 seq., 
1546 


SUBJECT INDEX 


corrosion and, 751 ie 
taste and odor. and, 750 seq., 761 
_ on zeolite softeners, 1044 
see Bacteria, iron 
Cross-connections; flushometer and, 
1673 
in hospitals, 1672 seq 
National Bd. of Fire Underwriters 
and, 179 
on vessels, 1671 seq. 
Crustacea; on filters, destruction by 
desiccation, 325 
see Cyclops 
Crystal violet; 
test 
Cyanide; waste pollution, cattle poi- 
soning and, 681 
Cyanide determination; 681 seq. 
Cyclops; chlorination, 1391 
see rustacea 


see Bacterium coli 


y 
Dallas, Tex.; reservoir, impounding, 
recreational use, 1055 
water quality, 1055 seq. 
water supply, 1054 seq. 
Dam; control, state, 1516 
earth-and- rock, hydraulic fill, de- 
sign, 879 seq. 
hydraulic fill, core materials, ex- 
amination, 885 
Deactivation; corrosiveness correc- 
tion b 43, 1339 seq. 
difficu ties, ’1342 se 
Deaeration; carbon dioxide removal 
and, 1341. 
corrosiveness correction by, 43, 1339 
seq 
see Boiler corrosion 
Dechlorination; see Chlorination _ 
Degasification; see Deactivation; De- 
aeration 
Delaware, O.; excess lime softening; 
1219 
main incrustation and, 1224 
Denver, Colo.; -Amarillo pipeline, 
soil survey, 311 
chlorination, ammonia and, 1710 
filter coal, expansion during wash- 
ing, 1492 seq. 
fire hydrant rental, 481 
free service, 481 
water supply ; 1161 seq. 
distance and, 1084 
return flow from sewers, 1163 seq. 
Depreciation; estimating; 201 seq., 
1334 seq. 


: 
1767 
iron removal and, 757 tes 
ipe: capaci n 
0 
hissy > 
te 
copper sulfate and, 752 seq. 
discoloration and, 750 seq. 
iron and, 7 
6 


peserves; improvement financing 
and, 1545 seq 
practice, 1544 seq., 1639 
see Financing 
Detroit, Mich.; depreciation reserve, 
policy, 202 

filter; experimental plant, 1446 seq. 

sand coating, removing, 1462 


sic wash, high velocity, 1448 seq. 
sand size, 1447 
hydrant flow survey, 175 
pitometer surveys, 
pump, centrifugal, 
and, 
Diarrhea; see Dysentery; Typhoid 
Diatoms; chlorination and, 1390 seq. 
Dichloramine; see Chloramine 
Disease; swimming pools and, 112 
seq. 
wading pools and, 113 
water-borne, liability and, 65 
see Dysentery Treponema palli- 
dum; Typhoid; Vessel, navigating 
Distribution system; construction, 
740 seq. 
copper sulfate treatment of, 754 
corrosion, 40 seq. 
durability, 1675 seq. 
fire protection requirements, 1293 
flow tests; hydrant; meter, velocity, 
aecuracy, 734 seq. 
methods, 174 seq. 
pitot blade, accuracy, 734 


check valve 


seq. 
value, 174 

rod, 

seq. 

iron bacteria, 

tion and, 257 
maintenance, 
and, 917 seq. 

pitometer survey, value, 222 seq., 


768 seq. 
records, 749, 1270 
reinforcing, "775 seq., 924 
supply, new, adapting to, 218 seq. 
trunk main ‘survey, 772 seq 
valve; closed, detecting; hydraulic 
: gradient and, 924 seq. 
pitometer and, 222 seq., 772 
inspection and frequency of, 873 


accuracy, 734 
removal, chlorina- 


hydraulic gradient 


water discoloration, Crenothrix 
and; 750 
flushing and, 751 seq. 
zoning, 1615, i621 
see orrosiveness; ire hydrant; 
Fire protection; Leakage; Main; 
Pipe; Trench; Valve 
Dorr; see Coagulation basin; Mixing; 
Sedimentation basin ; Sof tening 
Dysentery; reservoir ‘contamination 
and, Marseilles, Ill., 61 


Earth; see Dam; Soil 

~_ Bay Water Co.; water quality, 
watershed protection, 591 seq. 

East Bay Municipal Utility District; 
chlorination, 329 
coagulation, double, 325 seq. _ 
company purchase, 318 iT 


filtration; sand troubles, manganese _ 


and, 321 seq. 
wash water recovery, 321, 324 seq. 
mixing basins, 328 seq. 
pipeline; Mokelumne, data, 1118, 
1141, 1144 
welded, flange-, 1153 seq. 
plankton’ troubles, 320 seq. 
purification plants, 318 seq. 
water quality, 318 seq., 329 
watershed ownership, 319 
Edmonton, Alta.; sedimentation, 
clarifier ‘and, 1658 
Electric motor; see Pumping station 
Electric power; steam plant and 
water works combined, advantages, 
206 seq. 
see Hydro-electric 
Electric wiring; bare neutral conduc- 
tor in metallic conduit, A.W.W.A., 


and, 1717 seq. 

grounding to pipes; advisability, 
828 seq. 
A.W.W.A. resolution, 830, 1717 


connection, type, 832 
meter shunts and, 832 
Electrolysis; cast iron pipe, joints 


and; cement, 308, 1002, 1302 ee 


hydro-tite "and, 1002’ 

leadite and, 1002 
coatings and, ’ 308 seq. 
connecting to scrap iron and, 308 


seq. 
current density, 


1273 minimum safe, 303 
installation, 746 Fae current survey prior to locating 
leakage, 874 pipeline, 299 seq. 


location plates, 1276 


aa right- and left-hand, inadvisabil- 
ity, 222 seq., 230 
spacing, 17, 746, 1273 


joints, insulating and; 303 seq. 
testing, 304 seq. 

steel pipe and; 308 

cement joints and, 1302 


ot 


~ 
ant 
wie 
a4 
" 
ap 


trolley rails; connections to and, 
309 seq 
to distributing header 
and, 1274 
Elmira, N. Y.; leakage survey, 770 
_ Emergency service; 1276, 1289 seq., 
1618 
medium; 


see Bacteria, colon 


group 
Engine, Diesel; see Pumping cost 
_ Engineering; competitive bidding 
and, 1174 seq. 
ethics of, 1170 seq. 
expert advice, necessity of, 1171 
seq. 
Eosin methylene blue agar; see Bac- 
teria, colon group; Bacterium coli 
test 
Erie, Pa.; consumption, 1228 
filter plant; 1226 seq. 
operating cost, 1227 
metering, 1228 
pumping costs, 1227 seq., 1643 seq. 
pumping stations, 1227 seq. 
water supply system; 1225 seq. 
administration, 1235 
extensions, proposed, 1229 seq. 
Erie, Lake; level, hicago diversion 
and, 553 
Erythrosine-methylene blue-brom 
cresol purple lactose agar; see Bac- 
teria, colon group 
Escherichia ccli, etc.; see Bacterium 
coli, etc. 
Essex Border Utilities Commission; 
coagulation, 1630 seq. 
depreciation reserve, 1639 
filter plant; costs, apportionment, 
1629 
mud balls and sand shrinkage, 
1634 seq. 
operation; 1629 seq. 
costs, 1638 seq 
runs, algae and, 
and, 1631 seq. 
intake, ice and, 1629 seq. 
pumping cost, 1639 
water quality, 1635 seq. 
Eugene, Ore.; reservoir, 
construction, 1351 seq. 
cost, 1359 
leakage, 1358 seg. 
water supply, 1351 
Euglena; ultra-violet ray treatment 
and 1362 
Evaporation; measuring, 1199 
Evaporator; 509 
Excavation; see Trench 
Excelsior Springs, Mo.; manganese 
and, 1319 
Extensions; see sects Main 


iron and lime 


concrete; 


SUBJECT INDEX 


Ferrous; see Iron 
Filter; laboratory, 796 
Filter’ sand; coating, amount, deter- 
mination, 1459 
moisture retention, 
1459 seq. 
specific gravity, determination, 1459 
see Filtration, drifting sand; Fil- 
tration, rapid sand; Sand 
Filtration; ‘cost, average, 812 
efficiency, temperature and, 531 
history, 116 
Leptospira and, 254 
mene nese removal and, 1321 seq. 
in Ohio, 1529 
in Ontario, 101 
see Iron removal 
Filtration, double; London, Eng., 251 
Philadelphia, 531, 537 
drifting ‘sand; ; plant cost, 
1613 
sand condition and, 1506 seq. 
Filtration, rapid sand; air binding 
algae and, 938 
overloading and, 938 
sand blocking ‘of underdrains 
and, 938 
algae and; 320 seq. 3 
growths; copper sulfate and, 1321 
seq. 
prechlorination and, 936 
removing with caustic soda, 
1523 seq. 
coal as medium, expansion during _ 
washing, 1493 seq., 1502 
cracking; algae and; "1635 
iron and lime ‘and, 1631 
causes, 1445 
“dead” manifold and, 261 
manganese and; 322 seq. 
air-water wash and, 323 seq. "a 
prechlorination, 260 
sand; absorption and, 1445 
character and size and, 1512 


coating and, 


seq. 
coatings and, 1446 seq ES 
washing, high velocity and, 1446 
seq. 
crustacea, destruction, desiccation _ 
and, 325 
design; 1500 
experimental plant and, 1268 seq., 
1446 seq., 1505 seq. 
efficiency; 1226, 1636 seq. 
prechlorination and, 258 seq., 261, _ 
538 


rate, initial, and, 499 
- , clean, and, 1450 seq., 1496 
seq., 1498 seq. 
gravel data; 935, 1690 


= 
Ry 
Ge 
‘ 
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hard spots; 1449 seq. 
“dead” manifold and, 261 
prechlorination and, 260 
head loss, clean sand and, 1453 seq. 
manganese, re-solution from idle 
filters, 1321 seq. 
mud balls; 936 
foreign matter and, 1513, 1634 
raking and, 1508 
removing, 940, 1634 seq. 


sand characteristics and size 
and, 1512 seq 

wash; high and, 1448 seq., 
1509 


length of, and, 940 
rating cost, "1227, 1638 seq. 


seq. 
new, 485 seq., 1620 seq., 1689 a 
rate; 1368, 1635 seq. 
initial, control, 499 
runs; 251 
air binding and, 938 


and,'258 seq., 261 
wash, high velocity and, 1511 
sand; caking, manganese and, 322 


drifting sand and, 1506"seq. 
cleaning, Nichols separator and, 
cost and, 1499 
coating; 1490, 1507, 1635 seq. 
alumina; 1447, 1458 seq., 
1492 
theory, 1503 
composition, 1447, 1492 
lime and iron coagulation 
and, 
manganese and, 321 seq. 
necessary? 1496 seq., 1499, 
1513 
removing; acid, hydrochloric, 
and, 
caustic soda and, 
seq. 
lye and hose scour; 1462 


seq. 
cost, 1464 
softening, lime, and; 
seq., 1502 seq. 
recarbonation and, 1502 
removal, carbon dioxide 


scrubber water and, 


1523 


1223 


ants; 213, 929 seq.., 1226 seq., soll 


carbonate, removal, acid wash 
1524 

advantages, 1447 seq., 
1461 seq. 


disturbance; air binding and, 938 
high velocity wash and, 1495 


3 
= and, iron and lime and, — ‘ 


formula, 1477 seq. 

HR as index of efficiency, 
1465 seq. + 
Measurement, 1466 seq. 

temperature and, « 1465, 

511 

loss, coating and, 1457"seq. 


= rate; 1691 


oe gravel disturbance and, 
1495 
pa Water consumption ane, 


wash, high and, 
1448 seq 
data, 936, 1447, 1509, 1626, 1690 
size, "large, 1501 
ove volume required, 


shape and, 


theory, 1496 seq. 
mes ains; 935, 1625 seq., 1689 


laterals cleaning, acid wash and, 
1524 


pressures in, 659 seq. 
sand blocking ' ‘of, 936 
wash; air-water; action of, 324 
laterals, level, importance, 
324 
jets and, 1495, 1505 
rakes, mechanical, and, 1501 


high; 1446 seq. 


we 1461, 1510 seq. 
sand; expansion; 1446 seq. 
“a coating and, 1457 seq. 
aM factors, 1468 seq. 


subsidence level, 1472 seq. 


__- water; distribution; 1506 
Pe, tbe false bottom and, 1510 
gutters, 1690 
as percentage; 251, 1499, 1510 
vs. iron and lime 
1631 
prechlorination and, 258 
RY "321, 324 seq. 
tank, 1691 
water flow, horizontal, 1450, 1500 
and zeolite softening plant, | com- 
bined; 1047 seq. ee 
cost 1052 
see Filter sand ae 
Filtration, slow sand; effluent qual- 


ity; prechlorination and, 538 


bite 


manganese removal, 1217 
plant cost, 1612 16 
runs, leng 2 

see Filter sand ne 
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Financing; contracts, awarding to 
lowest Tidder, 1173 
depreciation, practice, 202, 900, 
907, 1617 
extensions; bond issues and, 197 
depreciation reserve and, 1545 


seq. 
mains, 183 seq., 366, 457 seq., 
See guarantee agreements and, 
183 seq. 
revenue, adequate, and, 184, 
186, 192 
state commission 
184 seq. 
mortgage certificates and, 456 
municipally-owned plants and, 
seq. 
operation revenue and, 197 seq. 
municipal use, charging for, 366, 
457, 1617 
municipally-owned plants; 203 seq., 
453 seq., 476 seq., 899 seq., 1336 
seq., 1556 seq. 
dividends and, 459 seq. 
funds, diversion, 459 seq., 475 
seq., 1172, 1554, 1557 seq., 1617 
new work, work order system, 904 


3 ee 


rulings, 


seq. 
return, rate of, fair, 202, 908 
stream gaging, coéperative, 1204 
seq. 
see Accounting; Fire protection; 
Fire protection, private; Pur- 
chasing; Rates; Taxation; Valua- 
tion; Water, gratuitous; Water 
works 
Fire hose thread; gages, 646 seq. 
_ standard, characteristics, 647 
standardization; Idaho and, 648 
importance, examples of, 644 seq., 


Montana and, 642 seq. eiett 


Oregon and, 648 
tools for, 646 
Washington and, 420, 648 
Fire hydrant; closed, responsibility 
and, 1299 
connection, joints, cement, 1537 
damaged; fire loss and, liability, 
1297 seq. 
notification and, 1298 
traffic and; damages, collection, 
1538 
location and, 1538 seq. 
remedies, 1533, 1537 seq. 
drain valve, cleaning, 876 
drainage, providing, 875 oe 
frost, alcoho! and, 1278, 1282 


frozen; detecting, 1284 seq 
thawing, 1284 
inspection; cost, 1285 
os 875 seq., 1272, 1278, 
procedure, 876 seq., 1272 seq. 
installation, 746 seq., 1272 ; 
location 1287 
private, charging for, 1557, 1559 


eq. 
records, 877 
standardizing, 1288 
use; by contractors, 876, 1297 
by other than firemen, 1298 
see Fire protection 
Fire loss; liability, personal, 1331 
in U. §.; in 1919 and 1927, 642 
data, 642 seq., 1329 
life and, in {806, 643 
see Fire hydrant; Fire protection — 
Fire prevention; 642 seq., 1329 seq. 
building inspection and, 1330 
fire causes, major, 643 seq. 
fire records and, 1330 
Fire protection; charging for; 180 
mee seq., 1337 seq., 1534 seq., 
16 


hydrant rental and; 203, 481, 1554 
seq. 
determining, 1555 seq. 
distribution system requirements, 


spacing, 175, 746, 1293 seq., 1554 i 


flow required, 170 seq., 1293 
main size and, 1228, 1292 seq. 
pressure; increasing and, 125, 171 
seq., 1294 
high, system, 1618 seq. 
required, 172 
property value concentration and, 
911 seq. 
pump capacity and; 173 
storage, elevated, and, 173 seq. 
storage, elevated and, ae. 1294 
_ water companies responsibility and; 
seq. 
contract and, 1291 seq. 
court decision, 1291 
water works; costs and, 180 
investment and, 203, 1296, 1554 
seq., 1617 
see Distribution system; Fire hose; 
Fire hydrant . 
Fire protection, private; charging 
for, 181 seq., 1557, 1559 
services; bleeding of system, dan- 


of, 178 


charging for, 181 seq. 
_ industrial and, separating, 834 


- 
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ee 
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metering, 233, 834 
size; National Fire Protection 
Assocn. and, 176 seq. 
valve, control, and, 176 seq. 
use for ng 4 than fire purposes, 
remedy, 
use for, 834 seq. 
see Cross-connections; Fire hy- 
drant; Sprinkler system 
Florida; fire protection, water com- 
panies responsibility, 1291 se 
Florida East Coast Railroad 
water supply, 331 seq. 
water treatment; benefits, 337 seq. 
cost, 341 
Flow; determination, pitot tube and, 
1024 seq. 
temperature and, 10 
see Pipe, concrete; Pipe flow; Pitot 


0.; 


Fluoride; see Boiler corrosion; "Boiler 
feed water treatment 
Flushometer; flow required, 778 
service, size required; 778 seq. 
tank and, 780 
— into supply pipe and, 
6 


4 water hammer and, 779 
Fort Wayne, Ind.; services, practice, 
1206 seq. 
Fostoria, O.; clarifier, 1655 
pumping costs, 1647 seq 
Frankfort, Ind.; pollution, court case, 


French Broad River; water quality, 
seq. 
Frost; see Soil 


Galvanizing; see Iron corrosion; 
Services; Steel; Toncan metal; 
Zine coatin 
Gary, Ind.; Titnation: taste, 350 
Gas and wt Mo works; ammonia con- 
densation liquor, phenol content, 
1699 
see Chlorination; Phenol 
Gastroenteritis; see : Vessel, navigating 
Gelobel; see Tunnel 
Gentian violet; composition, 75 
see Bacterium coli test 
Georgia; municipal debt limit, 1337 
Germany; steel pipe manufacture, 821 
seq. 
Glasgow, Scotland; old cast iron pipe, 
1678 


Goiter; see Sodium iodide treatment 

Great Britain; steel pipe manufac- 
ture, 826 seq. 

Lakes; level by 
_ Chicago diversion, 553 


levels Com 
decision, 550 seq. 
pollution by vessels, 1662 seq. 
see Vessel, navigating 
Greeneville, Tenn. ; chlorination taste, 
ammonia "and, 544, 1085, 1694 
Greenville, O.; clarifier, results, 1656 
softening, excess lime, 634 
1219 
Greenwich, Conn.; filter; sand size, 
1501 


washing rate, 1500 
Grosbeck, Tex. ; water supply, bath- 
ing and, 109 
Ground; see Soil 
Gunite; see Pipe, steel; Reservoir 


Hamilton, Ont.; pipe, old, 1684 

Hammond, Ind; chlorination taste, 
350 

Hanover, Ger.; water-borne typhoid 
epidemic, costs, 555. 

Hardness; soap scum in basins, mag- 
nesium ‘and, 1221 
see Calcium carbonate; Softening; 

Well 

Hardness determination, Clark soa 
method; calcium estimation and, 
1397 seq. 
errors in, 1395 seq. 
iron and, 1400 
magnesium estimation and, 


1402 seq. 
Health; copper and, 262 seq., 754 seq. 
see Anemia; Diarrhea; ’Disease; 
Goiter; Typhoid; Etc. 
Hemochromatosis; copper and, 262 
seq. 
Hemp; see Pipe, cast iron (joints) 


1397 


Highland, Wis.; main extension case, — 


185 
Hinsdale, Ill.; clarifier, results, 1656 


Holston River; water quality, 235 seq. 
Hospital; cross-connections and, 1672 


seq. 
Hot water system corrosion; preven- | 
tion; deactivator and, 43, 1339 


seq. 
Runeintes and, 43, 1339 seq. 
temperature and, 41 


see Corrosion; Corrosiveness; “Tron 


corrosion; Ete. 
Huron Lake; level, Chicago diversion 
and, 553 
Hy drant; see Fire hydrant 
Hydraulic gradient; theory, 918 seq. 
in water works maintenance, 917 
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Hydro-electric; and water project, 
Springfield, Mass., 879 seq. 
Hydrogen-ion concentration; see Bac- 
teria, colon group; Bacterium aero- 
genes; Bacterium coli; Boiler foam- 
ing; Chlorination; ‘Coagulation; 
Corrosiveness ; Tron removal 
Hydrogen sulfide removal; aeration 
and; 757 
air lift and, 757 
see Sulfur gases 
Hypochlorite ; germicidal action; am- 
monia and, 1705 seq. 


theory, 1706 


Ice; combating, methods, 134 dowd 
theory, 133 seq 
see Book reviews; Intake 
- Idaho; fire hose thread standardiza- 
tion, 648 
“Illinois; water supplies, 51 


ment, 520 


Indiana; municipal water works 


funds, diversion, 1554 

stream gaging, 66 seq. 

water, ground, iron and, 758 seq. 
el Indiana Section; 22nd meeting, 701 
seq. 

Indianapolis, Ind.; consumption, 171 


fire protection, 170 seq. 
Indianapolis Water Co.; leadite 
joints, 999 seq. 
Indol value; as pollution indicator, 
541 
Industrial wastes; see Gas and coke 
works; Phenol; Pollution, industrial 
waste 
Infiltration gallery; failure, 1611 
Intake; 931, 1225 seq. 
cost, 1229, 1613 
failures, 1612, 1614 
ice; blocking and; 1629 seq. 
flow reversal and, 1629 seq. 
traveling screens and steam and, 
1268 


inspection, 1614 
new, 486 seq., 1623 seq. 
screens, traveling, 488,1630 
_ tower, disadvantages, 486 seq. 
Iodine determination; 683 
Iodization; see Sodium iodide treat- 
ment 
Iowa; rates, authority and, 
water works ownership, 
Iron; Crenothrix and, 757, 761 
effects, objectionable, 761, 1328 
Indiana ground waters on: 758 


laundry and, 757, 761 


limit, permissible, 758, 761 E 

1344” elie 

taste and, 761 

o-tolidin and, 405 

see Bacteria; Hardness determina- 
tion; Zine coating 

Tron corrosion; ingot; alkaline soils 

and, 422 seq. 
galvanizing and, 422 

see Boiler corrosion; Corrosion; 


Corrosiveness; Distribution sys- 


ca tem; Hot water system; Pipe, 
east iron; Pipe corrosion;Pipe, 


ees steel; Railroad; Soil: Steel; Ete. 


Iron removal; aeration and; 757 
and filtration, 761 seq. 
coagulation; H-ion concentration 
and, 1343 seq 
magnesium and, 1343 
filtration and; 764 seq 
contact beds and, 764 seq. 
methods, 120 
plants; cost, 766 seq. 
data on, 762 seq. 
efficiency, 765 seq. 
zeolite softening and, 1037 seq. 
Iron sulfate; see Coagulation 
Irrigation; water; loss of and, 1163 
seq. 
salts, ground water level and, 
960 seq. 
watershed protection and, 955 seq. 


Jefferson City, Mo.; 

clarifier and, 1658 

coagulant saving and, 1659 
tests, 1658 seq. 


sedimentation ; 


Kalamazoo, Mich.; metering, 834 | 
rates; 835 
inaccuracy of detector meters, 
providing for, 834 seq. 
Kansas; fire protection charges, 203 
rates, authority and, 195 
water works; bond issues and, 197 
ownership, 195 
Kansas City, Kansas; algae; chlorina- 
tion and, 44 seq. 
copper sulfate and, 45 seq. 
consumption, 1688 
filter plant, 1687 seq. 
meter reading and billing, 900 seq. 
sedimentation, clarifier and, 1658 
water and power plant; accounting 
and financing, 899 seq. 
operation, 206 seq. 
water supply history, 1687 seq. 
Kansas City, Mo.; alum manufacture 
and cost, 
chemical treatment, 941 seq. af 
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chlorination taste, 941 seq. 
- coagulation, alum and lime, and 
cost, 943 
_ Missouri Valley and Turkey Creek 
tunnels; construction, 1177 seq. 
cost, 1184 
explosives and, 1181 seq. 
mixing basin, 118 
_ pumping, electric, 617 seq. 
purification plant, 942 seq. 
-_- water quality, 941 seq. 
Kenosha, Wis. employees, group in- 
surance, 38 seq. 
Kentucky; fire protection, water 
companies’ responsibility, 1291 seq. 
Kentucky-Tennessee Section; 4th. 
annual meeting, 556 seq. 
Key West, Fla.; water cost, 342 seq. 
water supply, 336 
Knoxville, Tenn.; mechanical agita- 
tors, 235 seq. 


Laboratory; filter, 796 | 
A railroad supply softening control, 
cost, 

water supply control, value, 101 


seq. 
vids Wester analysis 
Lackawanna, N. Y.; chlorination 
taste, permanganate and, 1694 
Laguna Beach, Cal.; pipeline; con- 
struction, 367 seq. 
cost data, 393 seq. 
leakage, 392 
Lancaster, Pa.; 
1654 seq. 
Laredo, Tex.; elevated steel tank, 
1005 seq. 
Laundry; iron and, 757, 761 
manganese and, 1036, 1320 
Lead; see Pipe, cast iron; Pipe joint; 
Services 
Lead hydrotite; see Pipe, cast iron 
Leadite; see Pipe, cast iron; Pipe 
joint 
Leakage; detection; hydraulic gra- 
dient and, 920 seq. 
a i pitometer survey and, 225 seq., 


clarifier, results, 


ie 768 seq., 1345 seq. 
frost and, 1287 
high bills and, 1549 seq. 
night flow, minimum, and average 
hourly, 769 
services; abandoned and, 226 
steel and wrought iron and, 1676 
survey, 1283 
see Pipe, cast iron; Waste 
Leptospira; chlorination and; filtra- 
tion and, 254 
Leptothrix; troubles, 753 
see Crenothrix 


Lexington Water Co.; fire damage 
cases, 1296 
Lime; slaking, temperature and, 495 
Lime treatment; calcium carbonate 
deposits and, 728 
excess, sterilization and; 254, 1088 
seq. 
temperature and, 1088 
feeder; dry, arching and, 1631 
and slaker, Browning, 630 
slaking tanks, 495 
see Chlorination; Coagulation; Cor- 
rosiveness; Softening 
Lincoln, Eng.; chlorination, early, 
1388 
Lockport, Ill.; well supply, contami- _ 
nation, 54 seq. 
London, Eng.; cast iron pipe; bell 
and spigot, first, 1678 . 
old, 1678 
consumption, 254 
filtration; double, 251 
slow sand, algae and, 253 
leptospira investigation, 254 
Metropolitan Water Bd. 
22nd., 249 seq. i 
microscopic examination, photo- 
graphic record, 252 oa 
prechlorination, 250 seq. 
water system data, 254 
London, Ont.; hydrant and sprinkler 
system charges, 1557 
hydrants, traffic damage, 1539 
meter reading; frequency, 1541 
occupants, absence of, 1541 


report, 


supervision, 1542 
metering, 1557 
Long Island Water Corporation; fi- 
nancing, 1560 
hydrant rental, 1560 
Los Angeles, Cal.; protococcus 
growths, chlorination and copper | 
sulfate and, 49 
water supply, distance and, 1084 
watershed protection; 600 seq. 
recreational use, prohibition of, 


Louisville, Ky.; depreciation reserve, 
1544 
financing, 481 
free service, 481 
leadite joints, 1539 
taxes, 1544 
Lyons, France; typhoid epidemic, 
water-borne, damages and, 555 


"yam soap scum in basins and, 
1221 
see Softening 
Magnesium carbonate; see Hardness; 
Iron removal; Softening 
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Magnesium determination; see Hard- 

ness determination 

Magnesium hydroxide; coagulating 
power, 635 seq. 
solubility, 1219 

Mahoning Valley Sanitary District; 
welded pipeline, specifications, 1147 


seq. 
Main; breaks, frost and, 1281 seq., 


1285, 1287 3 
carrying capacity reduction; 728 


seq. 
and, 751, 761 
cleaning; 727 seq. 
carrying capacity and; 733 seq. 
decrease and, 735 seq. 
coating damage and, 737 
cost, 731 seq. 
machine, 728 seq. 
cost, 4- and 6-in., 1292 
extensions; cost records, 1270 
practice, 192 seq., 1269 seq. 
rer insulation and, 1271 seq., 
1 


hydraulic gradient, interpretation, 
919 seq. 

incrustation; diameter and, 737 seq. 
manganese and, 1037, 1320 
softening, excess lime and, 1223 

seq. 

interior, condition, determining, 
774 seq. 

new; records, 749 
sterilizing, 125, 781 seq. 
testing, pressure, 748 

size, minimum, 1228, 1292 seq. 

stoppage, locating, 922 seq. 

tapping, 747, 1535 

Williams and Hazen coefficient, 
determining; 734, seq. 
accuracy, 773 seq. 

see Distribution system; Financing; 
Leakage; Pipe; Trench 

Manganese; deposition, biological, 
1323 seq. 
determination, o-tolidin and, 1216 


seq. 
filters, re-solution from idle, 1321 


seq. 
laundry and, 1036, 1320 
limit, permissible, 1319 seq. tatdt 
New Jersey supplies and, 1212 seq. 
oxidation, biological, 1324 
pipe incrustation and, 1037, 1320 
precipitation, ferrous iron and, 324 
prevalence, 1319 
removal; 767 

coagulation and slow sand filtra- 

tion, 1217 


filtration and; 1321 seq. 
manganese-coated sand and, 
321 


zeolite softening and, 1037 seq. 
re-solution, biological, 1323 seq. 
o-tolidin and, 401, 1212 seq., 1320, 
1322 seq., 1326, 1702 
troubles, 548, 1036 seq. 
see Filtration, rapid sand; Potas- 
slum permanganate 
Manhole frames and covers; com- 
mittee report, 1405 
Manometer; see Pitot tube 
Marin Municipal Water District; 
rainfall and runoff, 590 
watershed protection, 589 seq. 
Co.; softening; excess 
cost 
results, 632 
—— Ill.; dysentery epidemic, 


reservoir contamination, 59 seq. 
Cal. ; Crenothrix troubles, 
Memphis, Tenn.; complaints re high 
bills, 1550 seq. 
iron removal, 767 
meter reading, 1552 
rates, 910 
Metal; electrode potential, sign, ex- 
pression of, 421 
see Copper; Corrosion; Iron; Pipe; 
Steel; Etc. 
Metallium; see Pipe, cast iron 
Meter; accuracy; 247, 1346, 1349 
deposits and, 640 seq. 


requirements, 246 seq., 638, 897 Soe ie 


service, length of, and, 639 seq. 
charging for, practice, 778 
compound, accuracy; 231 
247, 834 
amage, hot water; charging for 


seq., 


¥ 


deposits, carbonate, excess lime 
softening and, 1223 

detector, inaccuracy; 834 
providing for in rates, 834 seq. 

dise vs. piston type, 641 

electric grounding, shunts and, 832 

flow type, 231 

frozen, costs, practice, 1536 

installation; 895 seq. 

location; 895 seq. 

bea 
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outside, pits and, 1283 seq. 
practice, 641, 1282 seq. ; 
maintenance; 241 seq., 638 seq. 
cost, 640 
operation cost, 248 
ownership, private vs. water works, 
242, 244, 1536, 1563 
practice, 242 seq., 638 seq., 895 seq. 
records, value, 1273 
registration, reversal, 1552 
testing; apparatus, Mueller, 246 
flow, A. W. W. A. specifications, 
638 
x pitometer and, 770, 1346 
practice, 246 seq., 638 seq., 896 
seq., 1349 
K Worthington duplex piston type, 
disadvantages, 245 
Meter reading; accuracy; checking, 
_ pitometer and, 224 seq. 
withholding previous 
hee and, 225, 229 
continuous, 900 seq. 
cost, 784 
_ frequency, practice; 243, 784 seq., 
1541, 1548 seq. 
large meters and, 897 
occupants, absence of, and, 1533, 
seq., 1551 
2: prevention by dog, court decision, 
1534 
supervision of, 1542, 1552 
Metering; Erie, Pa., 1228 
charging for 
hi Mich., 834 
London, Ont., 155 
Raleigh, N. C., 258 4 
Seattle, Wash., 365 seq. 
S§Spring Valley Water Co., 1011 
Terre Haute, Ind., 639 seq. 
Toronto, Ont., 1616 
waste and, 1011 seq. 
Methyl red; see Bacteria, colon group 
Metropolitan districts; see Boston; 
East Bay Municipal Utility Dis- 
trict; Essex Border Utilities Com- 
mission 
Miami Beach, Fla.; clarifier, results, 
1656 


reading 
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Michigan Lake; level, Chicago diver- 
sion and, 553 

Microcystis; chlorination and, 1389 
seq. 

Microscopic examination; committee 
report, 680 seq. 
records, photographic, 252 

Microscopic organisms; chlorination 


filtration and, 320 seq. , 
reservoir; open vs. covered, 949 
seq. 
uncovered and, 321 
ultra-violet ray treatment and, 1362 
see Algae; Aphanizomenon; Copper 
sulfate treatment; Euglena; 
Filtration, rapid sand; Nematode; 
Protococcus; Synura; Ete. 
Milwaukee, Wis.; financing, 481 
free service, 481 
hydrant location, 1287 
meter; operating cost, 248 
practice, 242 seq. 
reading, frequency, 243 
metering, 242 
rate case, 204 
Minneapolis, Minn.; manganese, idle 
filters and, 1320 seq. 
Minnesota Section; 1929 meeting, 
1408 seq. 
Missouri; rates, authority re, 195 
water works ownership, 195 
Missouri Valley Section; constitution — 
changes, 141 
metering, resolution, 


meeting, 14th annual, 135 seq. 
regional meetings, criticism, 142 
Mixing; basin; 942 
baffled; 1630 
operating cost, 329 
circular, spiral flow, 118, 492 
conduit, 491 
mechanical; 238 seq., 328 seq., 630 
seq., 757, 931 
cost, 329 
Dorr agitator, 1650 seq. 
pump and, 1630 
see Carbonation; Coagulation 
Mokelumne; see East Bay Municipal 
Utility District 
Monochloramine; see Chloramine sr 
Montana; fire hose connections, stan- — 
dardization, 642 seq. 2 
Montgomery, Ala.; main extensions, 
practice, 193 
Morton, well supply, contamina- 
tion, 51 seq. 
Muncie, Ind.; sewage, White River 
and, 70 


Nashville, Tenn.; pumping station, 
operation data, 1642 seq. 
water works rehabilitation, 1643 


seq. 
National Bd. of Fire Underwriters; 
cross-connections and, 179 
water works, adequacy criteria, 
1292 


seq. 
Fire Protection Association; 
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¥ 
2 
depth and, 321 Nationa 


a committee, A. W. W. A. 
representation; and, 1717 seq. 

fire services, size, and, 176 seq. 
‘National Water Main Cleaning Co.; 
-- §t. Louis and, 727 seq 
 Navicula; chiorinadica and, 1391 
Nebraska; rates, authority re, 195 
water works ownership, 195° 
Nematodes; chlorination and, 1391 
Bedford, Mass.; complaints re 
ee high bills, 1548 

4  leadite joints, 1539 


meter; ownership, 1563 
reading and billing, 1548 

New Haven Water Co.; earth current 

surveys, 299 seq 
New Jersey; bathing regulations, 109 
- main extensions, law and, 184 seq. 
meter reading prevented by dog, 
eourt decision, 1534 

water supplies; 


examination of, 


manganese and, 1212 seq. 

New York City; algae, taste, chlo- 
rination and, 1388 
chloramine treatment, 1710 

corrosiveness, sodium silicate and, 


electrolysis, 307 seq. 

employees, efficiency, increasing, 
1288 seq. 

financing, 1556 seq. 

hydrant; rental, and determination 
of, 1555 seq. 
standardization, 1288 
traffic damage, 1538 seq. 

main extensions, practice, 19 

Manganese, 1320 

pipe, steel, welded, 1149 seq. 

water sup ily, distance and, 1084 

New York State; chorophenol taste 
prevention, 1693 se 

Newark, O.; clarifier, results, 1656 
illicit water use, 771 
softening, excess lime, 1219 

Nitrate; reservoir, open "and covered 
and, 952 

Norfolk, Va.; water supply, distance 
and, 1084 

North Carolina; fire protection, water 

- companies’ responsibility and, 1291 
seq. 

stream gaging; 1197, 1201 seq. 

codperative, 1204 seq. 

water resource activities, 1196 seq. 

North Carolina Section; 8th annual 
meeting, 267 seq. . 

North Sacramento, Cal.; 
tension ruling, 185 seq. 

Northampton, Mass. ; illicit water 

use, 771 


main ex- 


Oakland, Cal.; see East Bay Munici- 
pal Utility District 
George C. Gensheimer 
1 
Albert E. Walden, 1719 
Charles Henry Ade, 1720 
Daniel Kennedy, 1721 
George H. Snell, 1722 eon 
Odor: algae, “fish in pig pen,” 1388 
chlorination and, 934 : 
iron and, 1344 
see Chlorination; Taste and odor 
Ohio; Conference on Water Purifica- 
filtration, extent, 1529 
free service to schools, 
iron removal practice, 767 
softening, extent, 1529 
typhoid, 1529 ae 
water purification problems, 1328 
Ohio River; water, manganese con- 
tent, 1319 
Ohio Valley Water Co. ; Bellevue, Pa.; 
manganese troubles, 1036 seq. 
zeolite softening; 1035 seq. ) 
cost, 1037 seq. 1045 
plant cost, 1041 
Oil well; drainage, watershed protec: 
tion and, 955 seq. 
Oklahoma City, Okla.; water supply 
and sewage disposal, 212 
Olean, N. Y.; typhoid epidemic, 
damages, 554. A, 
Omaha, Neb.; chlorination; ammonia 
double, 1391 i 
complaints re high bills, 1549 
depreciation reserve, 1544 
fire hydrant; rental, 1554 
goubel 


spacing, 1554 
meter; practice, 1563 
reading; and billing, 1549 ‘J 
occupants, absence, 1541, 1551 
services, frozen, 1562 
Ontario; utility employees pension 
scheme, 1280 
water supplies; 101 ! 
Dept. of Health and, 101 seq. 
Ontario, Lake; level, Chicago diver- 
sion and, 553 
Oregon; fire hose thread standardiza- 
tion, 648 
main extensions, law and, 184 se 


taxation, income of utilities an 
1522 
Organic matter; bacterial increase 
and, 1389 


jo Chlorination; Chlorine absorp- 
tion; Oxygen consumed; Oxygen 
demand 
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 Oscillatoria; chlorination and, 1390 
geq. 
Ottawa, Ont.; chlorination control, 
1289 
emergency service, 1276, 1289 seq. 
filter plant, experimental, 1268 
seq., 1505 seq. 
hydrant inspection, 1272 seq., 1284 
leakage; frost and, 1287 
surveys and, 1283 
main; extensions, procedure, 1269 
seq. 
insulation against frost, 1271 seq. 
meter practice, 1282 seq. 
pipe tuberculation, 1685 
rates, 1284 
services; freezing, allowing taps 
to run and, 1286 
thawing, electric ; 1275, 1285, 1287 


chlorine absorption, 680 


_ dilution water, buffered, 679 seq. 
Oxygen dissolved; determination; 

colorimetric, o-tolidin and, 400 seq. 

a interfering substances and, 


see Boiler corrosion; Corrosiveness; 
Hot water system; Railroad 


Oxygen removal; see Corrosiveness; 
aeration; Deactivation; Rail- 
road 


Ozonization; chlorophenol destruc- 
tion and 1694 


Paducah Water Supply Co.; fire pro- 
tection, court case, 1291, 1298 

Palatability; see Chlorination; Taste 
and odor 

Pennsylvania Railroad Co.; oxygen 
removal,open feedwater heater, 1016 


seq. 
Phenol; destruction, biological; 678, 
1 
ice and low temperature and, 1700 


removal, activated carbon and; 79 


4 waste treatment, 675 


seq. 
cost, 802 aed) — 
see Chlorination 
Phenol determination; contamina- 


tion, errors and, 677 seq. 
_ Fox-Gauge; accuracy, 675 
improved, 674 
_ Gibbs; 674, 676, 


a 


accurac 
y, 676 


sensitivity, 674, 676 
glass cleaning and, 678 
samples, examination, rapid, im- 

portance, 678 
taste method, 677 

Philadelphia, Pa.; 

531 seq. 

chlorination, double and pre-, 537 


seq. 
filtration, double, 531, 537 
financing, 481 
free service, 481 
pipe, cast iron, old, 1679 
typhoid, 1920-8, 540 
water quality, 531 seq. 
Phoenix, Ariz.; water supply, dis- 
tance, 1084 
Phosphate; see 
Boiler scale 
Pipe; carrying capacity, Crenothrix 
and, 751 
Crenothrix; chlorination and, 754 
copper sulfate and, 754 
handling, 740 seq. 
line; hydraulic gradient, 
pretation, 919 seq. 
submerged, floating of, 1612 
practice, Europe, 820 seq. 
see Distribution system; Electric 
wiring; Main 
Pipe, brass; see Brass; Services 
Pipe, cast iron; bell and spigot, first, 
1678 


B. coli tests. 


rt 


Boiler corrosion; 


inter- 


cleaning, carrying capacity de- 
crease following, 1685 seq. 

corrosion; electrolytic and _ soil, 
differentiating, 311 seq. 
external; 1676 seq. 


goating; natural and, 1677 
seq 

' tar and, 1683 
depth and, 1677 


pitting, with overlying tuber- 
iil cles, 1680 seq. 
BL soil; corrosion pressure and, 


1677 
Pai moisture and, 1677 

salts and, 1677 
texture and, 1677 


strength and, 1683 

theory, structural or mech- 
anical, 1681 seq. 
graphitic, 312 ; 
tuberculation, carrying capacity \ 

and, 1685 

cutting; oxy-acetylene, 746 
sledge and hardy, 745 seq. 

depreciation, 1534 

durability, examples of, 1677 seq. 
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cost, 1275 
= de vaives, gate, practice, 1273, 12/0 
ie water works management, 1265 rh 
Oxygen consumed; carbon, activated, 
| 
xygen demand determination; com- 
mittee report. 679 seq 
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fittings, installing in aa lines, 747 
seq. 

joints; cement; 996 seq., 999 
breaking, 1300 
cities using, 1300 
cost, 1301 
electrolysis and, 308, “1002, 

1302 


insulation value, 1302 
procedure; 1003, 1300 seq. 
time required, 1301 
flanged, 998, 1004 
hydro-tite; 996 
electrolysis and, 1002 
leakage test 1004 
pressure and, 1004 
procedure, 1003 
strength, 1004 hallo 
lead; 995 seq. 40. 
pressure and, 1004 ore 
procedure, 1002 ier} 
leadite; 996, 999 seq. 
cost, 
electrolysis and, 1002 
leakage; repairing, 1001 
sealin , Self-, 1001, 1004 
test of, 1004 
pressure and, 1004 
procedure; 1603 
precautions, 1000 seq., 
1003 


strength, 1004 
time saving, 1000seq. 
leakage, causes, 998 ad 
metallium, 996, 999 
packing, ‘dry square braided 
hemp, 926 seq., 1001, 1003 
Universal, 997, 1004 
Victaulic; 997, 1003 
flexibility, 997 
life, 1004 
743 seq 
cakage; age and, 871 seq. 
permissible, 865 seq. 998 
ct pressure and, 867 
statistics, 867 seq. 
_ submerged, construction, 380 
specifications, sectional committee 
report, 650 po 
stoc pile, 741 
see Electrolysis; Iron: Pipe coating: 
Pipe, corrosion: Pipe joint; Ete. 
Pipe, cement-lined; 3, 43, 1685 
carrying capacity and, 16 seq. 
_ lining methods, 4, 17 seq. 
gee Pipe coating; Services 
Pipe asphalt, 43 


— double dipping and, 


a formation on, 1685 
Pipe, ‘cast iron; 


Pipe, cement- lined; Pipe corro- 
sion; Pipe, steel 
Pipe, concrete; centrifugal; 14 seq. 
advantages, 382 seq. 
flow coefficient, 14 seq. 
hydraulic tests of, 386 seq. 
investigation of, 373 seq. 
joints, 14 seq., 388 seq. 
leakage, 392 
line; construction, 367 seq 
cost, 395 seq. 
manufacture, 382 seq. 
ow coefficients; 1 seq. 
age and, 11, 22 seq., 27 seq. 
maximum, 14, 28 seq. 
of various lines, 6 seq. 
history, 3 seq. 
manufacture 3 seq. 
surface ‘‘slickness’’, 14 
Pipe, copper; see Copper; Services 
Pipe corrosion; 
and, 1575 
Crenothrix and, 751 
protective coatings; 43 
double dipping and, 
strength and, 1575 
see Corrosion; Corrosiveness; Elec- 
trolysis; Iron corrosion; Pipe, 
cast iron; Pipe, coating; Soil; 
Steel; Ete. 
Pipe flow; determination, pitot tube 
and, 1024 seq. 
formulas; 5 seq. 
Scobey vs. Williams-Hazen, 10, 
25 seq. 
friction, temperature and, 1504 
resistance to, theory, 29 
velocity distribution; 1 seq., 1028 
seq. 
determination, 1031 seq. 
surface and, 1 seq. 
see Main; Pitot 
Pipe, iron; ingot, wall thickness, 423 
rust removal, hydrochloric ‘acid 
and inhibitor, 41 seq. 
see Iron; Pipe, cast iron; Pipe, 
wrought iron; Services 
Pipe joint; cement; 1533 
hydrant connections and, 1537 
lead, pouring and caulking, 744 
seq. 
nie pressure test, 702 
sleeves and, 1539 
see Pipe, cast iron; Ete. 
Pipe, galvanized; see Galvanizing; 
rvices 
Pipe, lead; see Services 
Pipe, lead-lined; ; see Services 
Pipe, steel ; coating; bitumen, centrif- 
ugaily applied, 826 
coal tar pitch varnish, 1128 
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carrying 


; 
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flange, 1153 seq. 


external, bitumen and hessian, 
824 seq. 
petrolastic, 374 
collapse, 1150 
corrosion, external, theory, struc- 
tural or mechanical, 1681 seq. 
guniting; 370 seq., 374 seq. 
cost, 393 seq. 
- joints; cement, insulating value, 
1302 


Victaulic, 997 

welded; electric; in field; 1130 
seq., 1144 seq. 

inspection, 1132 

operators’ qualifica- 


Tele, tions and, 1132 
Jeakage, 1118 
sen vs. riveted; 1117 seq. 
carrying capacity 
and, 1118 
cost and, 1118 
ee strength, 1121, 1131, 1150, 
1152 


line, welded; 1117 seq. 
gonstruction, 367 seq. 
gost, 393 seq. TIO) 95% 
installations, list of, 1132, 1141 
manufacture, 821 seq., 826 seq. 
testing, hydraulic, 374 
welded, electric; 374 
advantages, 1132 seq., 1143 seq. 
inspection and, 1136 seq. 
manufacture; 1121 seq. 
& annealing, necessity of, 1146 
carbon electrodes and, 1141 
j seq., 1152 
Eleetronic Tornado; 1141 seq. 
vs. metal electrodes, and 
costs, 1142 seq. 


¥P metal electrodes and, 1119 
seq., 1149 seq. 
fi specifications, 1133 seq., 1146 


seq. 
testing; 1136 seq., 1146 seq., 1150 


seq. 
hydrostatic, 1128, 1140 
_ see Electrolysis; Pipe coating: Pipe 
corrosion; Services; Steel 
Pipe, wrought iron; corrosion, exter- 
nal, theory, structural or mechani- 
cal, 1681 seq. 
see Pipe coating; Pipe corrosion; 
Pipe, iron 
Piqua, O.; softening, excess lime; 1219 
seq. 
filter sand incrustation and; 1223 
seq. 
dioxide scrubber water 
and, 1224 


i 


Pitometer; history, 768 
principle, 768 
see Distribution system; Leakage; 
Meter; Meter reading; Pump, 
centrifugal; Services; Water un- 
accounted for 
Pitot; blade, accuracy, 734 
tube; manometers, 1033 
rating, necessity of, 1028 
recording, 1034 
types and equations for, 1024 seq. 
Pittsburgh, Pa.; financing, 482 
free service, 482 
hardness, 1036 
pumping station, 
1648 


electrification, 


Plankton; see Microscopic 
Pollution; indicators; indol value, 541 
oxygen consumed vs. chlorine 
demand, 
see Well 
Pollution, industrial wastes; cyanide, 
cattle poisoning and, 681 
irrigation, watershed protection 
and, 955 seq. 
law and, 1082 
oil field, watershed protection and, 
955 seq. 
see Chlorination; Gas and coke 
works 
Pollution, stream; damage action, 
Frankfort, Ind., 1081 
see Sewage treatment 
Port Costa, Cal.; Crenothrix trou- 
bles, 753 
Portland, Ore.; financing, 482 
free service, 482 
hydrant spacing, 175 
water supply costs, fire protection 
and, 180 
Portsmouth, Va.; water supply, dis- 
tance and, 1084 
Potassium permanganate; color in 
water, concentration and, 1702 
solution, standardization, 402 
o-tolidin and, 1702 
see Chlorination 
Power; see Electric 
Prairie Creek; pollution case, 1081 
res cast iron pipe leakage and, 
86 


fire, increasing for, 125, 171 seq., 
1294 


practice, 638, 1615 
see Fire protection; Hydraulic 
gradient; Sprinkler system 
Protococcus; chlorination and copper 
sulfate and, 49, 253 
taste and odor and, 49 
Protozoa; chlorination and, 1390 seq. 


2 
‘ 
] 
| 
=" 
‘ 


removing from filter sand 


with 
caustic soda, 1523 ; 
Public relations; improving, 1276 
se 
customers and, 1534 


see Complaints 
Pump; packing, B. coli and, 1093 seq. 


Pump, air-lift; see Well 
Pump; centrifugal; check valves; 
418 seq., 506, 627 


brea age, air chamber and, 1616 
hammer and, 419, 506 

drive, steam turbine; 505 seq. 
duty, 506 
efficiency; 620, 622 
maximum, obtaining, 227 seq. 
testing, pitometer and, 227 seq. 


- output, testing, pitometer and, 1346 
Well 
Pumping cost; drive and; Diesel, 1314 
seq. 
seam vs. electric, 1227, 1230, 
1312 - , 1640 seq. 
_ Erie, Pa., 1228 


Essex Border Utilities Commission, 
1639 

unit, ““water horse-power,’’ 1312 
Pumping station; 1227 seq. 

drive; electric; 617 seq. 

automatic, 412 seq., 1227 seq. 
efficiency, 1316 seq. 
variation, unit capaci- 
ties and, 1317 seq. 
motor, synchronous; advan- 
tages 619 seq. 
high voltage, 625 seq. 
power, purchased and; 1312 
reliability and, 1318 

steam turbine, 209 
steam turbine, auxiliaries, drive, 

506 seq 
fire requirements; 173 

storage and, 173 seq. 
heat balance, ‘obtaining a good, 509 
seq. 


heating, electric, 624 
new, 499 seq., 617 seq. Sonediboe 


Purchasing; bureau, 1268 
see Financing 
Purification; load, permissible, 1057 


self, 595 seq. 

os flowing vs. still water and, 596 

statistics, 1056 

ee Chlorination; Coagulation; Fil- 

tration; Lime treatment; Soften- 

ing; Ultra- violet ray treatment; 

| 


Railroad; coaches, sewage disinfec- 
tion, 1671 se 
Railroad boiler; feed water treat-— 
ment; economy of, 337 seq., 341 
flue mileage and, 338 seq. 
lime-soda; control, 341 
gost, 341 


laboratory cost, 341 
softening limit, 341 
foaming; anti-foam compounds 
and, 340 


blowoff and, 340 
silt and alkali and, 339 seq. 
pitting; copper ferrules and, 1014 

oxygen and; chloride and, i021 
ydroxide alkalinity and, 
1021 seq. 

prevention; lime-soda treatment 

and, 1016 


oxygen removal and; 1013 seq. 
bas feed water heater, open, 
and, 1015 seq. 
feed water purifier and, 
1018 seq 

chloride sulfate and, 

Rainfall; Marin Municipal Water _ 
District, 590 
Tacoma, Wash., 1186 


Raleigh N.C: metering, 258 
prechlorination results, 258 seq. 
water quality, 259 

Rates; basis, 197 
city limits, outside, practice, 910 
Cleveland, "O., 478 
Kalamazoo, Mich. 835 
making, 906 seq 
meter; inaccuracy, pro- 

viding for, 834 seq. 
rental and, 1563 
Milwaukee, Wis., 204 
minimum charge; 909 
Terre Haute, Ind., 779, 784 
Ottawa, Ont., 1284 
Seattle, Wash., 365 
state commissions and, 195 seq. 
Terre Haute, Ind., average bill, 
7 


84 
Toronto, Ont., 1616 
see Billing; Financing; Fire protec- 
tion; Valuation 
Records; filter plant, 1637 
plant, ‘value, 105 seq. 
see Distribution system; Fire hy- ‘ 
drant; Fire prevention; Main; — 
Meter; Services 
Red water ‘troubles; see Corrosiveness 
Redlands, Cal.; cement pipe joints, 
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Cal.; troubles, 


Rensselaer, N. Y.; chlorination taste; 
1700 seq. 
permanganate and, 795, 1701 
permanganate and, 
1 


phenol destruction, biological, 1696 
Reservoir; circulation, facilitating, 

948 

concrete; construction, 1351 seq. 
cost, 1359 afd... 
joints, contraction, 1628 
eakage, 1358 seq. 
new, 1627 seq. ¢ 

; dysentery epidemic 
an 
underground, 57 seq. 

contamination, manholes 


, 57 
open; microérganisms and, 
949 se 


‘quality and, 947 seq 
covering, importance, 119. 1353 seq. 
Crenothrix, copper sulfate and, 754 
guniting; 1356 seq. 
cost, 1356, 1359 
recreational use, 597, 599, 602, 1054 
seq. 
uncovered; chlorination taste and, 
941 seq. 
microérganisms and, 321 
see Algae; Copper sulfate treat- 
; ment; Storage ; Watershed 
River; see Stream 
ae Cal.; centrifugal concrete 
: line, 14 seq. 
Roc ester, N. Y.; chlorination taste, 
permanganate and; 795, 1694 
cost, 795 
Rockford, Ill.; ; reservoir contamina- 
tion, 57 
Rocky Mountain Section; 3rd annual 
meeting, 700 seq. 
Rome (Ancient); water system, 110 
Runoff; see Watershed 


Sacramento, Cal.; 
762 
alum manufacture, 931 
electrolytic, 9 Sig 
coagulation; 934 seq. 
turbidity addition and, 935 
filtration; air binding, 938 
mud balls and, 936seq. 
plant, 929 seq. 
mixing basin, 328, 931 
water quality, 932 ADO 
St. Etienne, rance; old cast iron 
Pipe, 1678) 


aeration nozzle, 


29% 


St. te) Mo. ; bacteria counter, new, 
1531 seq. 
financing, 482 
free service, 482 ag 
main; cleaning; 728seq. 
cost, 731 seq. 
incrustation, 727 seq. 
Missouri River plant, 485 seq, 
pipe joint, leadite, test, 702 
sedimentation; clarifier ‘and, 1658 
coagulant saving by, 1659 
softening, clarifier and, 1658 


water supply history 727 seq. 
Salt Lake Utah; spac- 
ing, 175 


San Diego, Cal.; County,watershed 
protection, 594 seq. 
reservoirs, recreational use, 597, 
99 


typhoid, water-borne, absence 


pee. 


quality, 597 seq. 
San Francisco, Cal.; financing, 482 
free service, 482 
water supply, distance and, 1084 
see Spring Valley Water Co 
specific gravity, 1459, 1486, 


voids, 1485 seq. 
see Filter sand; Filtration, rapid 
sand 

Sand Rock Water Co. ; main extension 
case, 184 seq. 

Sarasota, Fla.; pumping station, 
automatic, 412 seq. 

Screen; see Intake 

Seattle, Wash. ; consumption, 365 seq. 
financing, 365 seq. 
metering, 365 seq. 
rates, 365 
water supply history, 358 seq. 


Sedimentation; B. coli reduction, 
1511 
pre-, coagulant dosage and, 1226, 
1658 seq. 
sludge return and, 1658 
study, 1511 


Sedimentation basin; 1226 
clarifier, Dorr, and; 942, 1649 seq. 


1657 seq. 

sludge removal and, 490 
new, 488 seq 
see Coagulation basin fon 


Selma, Ala.; iron removal, 767 
Services; abandoned, leakage and, 226 
brass; "resistance to soil corrosion, 


strength, 1306 
cement- lined, life, 1676 
charging for, practice, 365, 778, 1208 
copper; cities using, 1303 
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corrosion; acid; 1310 
coating and, 1311 
resistance to, 1303 seq. 
soil, resistance to, 316 
electrolysis and, 316 
flattening, resistance to, 1307 
flexibility, 1309 
freezing tests, 1306 
installation, 1310 
reconnecting, 1309 seq. 
shearing, resistance to, 1307 
soil settlement and, 1308 seq. 
strength, 1306 
thawing, 1285, 1287 
freezing, prevention, allowing taps 
to run and, 1286 
frozen; 1561 seq. 
thawing; charging for, 1562 
electric; 1275, 1278, 1285, 
1535, 1561 
cost, 1275, 1562 
galvanized, life, 1676 
incrustation, manganese and, 1037 
installation ahead of paving; charg- 
ing for, 1209 
practice, 120) 
troubles and, 1206 seq. 
iron; soil settlement and, 1308 
strength, 1306 
lead; flattening and, 1308 


life, 1211, 1676 
-lined, life, 1676 
shearing and, 1308 
soil settlement and, 1308 
strength, 1306 anata 


records, 1210 
requirements, 1305 
size; flushometer and; 778 seq. 
tank and, 780 
practice, 1206 seq. 
steel; galvanized, life, 1335 sips 
leakage, 1676 
life, 1676 
unauthorized; examples of, 226, 771 


wrought iron; corrosion, ‘external, 
1676 
leakage, 1676 
life, 1676 
Y’s unsatisfactory, 1206 seq. 
~ Fire protection, private; Sprink- 
er 
Settling; see Sedimentation 
_ Sewage treatment; dilution, flow re- 
quired, 69 seq. 
see Railroad; Vessel, navigating 
Sewickley, Pa.; ; softening and filter 
plant; 1047 seq. 
cost, 1048, 1052 
i Shawnee, Okla. ; filter plant, 213 
: ground water supply, new, 212 seq. 


locating, pitometer and, 226, 771 


salt required, 1045 


taste and, 10470 


Shelby, O.; iron removal, 767 
Shelbyville, Ky.; fire damage case, 
1295 seq. 
Siler City, N. C.; taste and odor, 
chlorination and, 255 seq. 
Silicates; see Boiler scale; Sodium 
silicate 
Sioux Falls, 8.D.; iron removal, 767 
Soap; scum in basins, magnesium 
and, 1221 
waste, softening and, 344 seq., 1047 
— affairs; annual convention, 
Indiana Section meeting, 701 
Kentucky-Tennessee Section meet- 
ing, 556 
Minnesota Section meeting, 1408 
Valley Section meeting, 
— Carolina Section meeting, 
Rocky Mountain Section meeting, 
700 
Wisconsin Section meeting, 144 
Soda ash; see Boiler corrosion; Boiler 
foaming; Boiler scale; Boiler water; 
Softening 
Sodium chloride; see Railroad boiler 
Sodium hydroxide; see Boiler corro- 
sion; Boiler water; Filtration, rapid 
sand; Softening 
Sodium iodide treatment; advisabil- 
ity, 121 
Sodium silicate treatment; corrosive- 
ness, and, 43 
Sodium Sulfate: see Boiler corrosion; 
Railroad boiler 
Softening; barium, history, 79 
base exchange; 1035 seq. 
bibliography, 79 
corrosiveness and, 1342 
es cost, 122, 1037 seq., 1045, 1048, 
1222 
_ Crenothrix growths and, 1044 
green sand and, 1048 seq. 
ote iron removal and, 1037 seq. 
manganese removal, 1037 seq. 
te plant; cost, 1041, 1048, 1052 
site operation, 1041 seq. 


value, 122 
wash ‘water, percentage, 1044 seq. 
clarifier, Dorr, and, 1655 seq. 
deaeration and, 1341 
filter sand incrustation, pre-filter 
and, 119 
lime; ‘cost, 122 
excess; 254, 1219 seq. 
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carbonate deposits and, 1223 

seq. 

gost, 1222 

magnesium and, 635 seq., 
1219 seq. 

sulfate removal and, 635 seq. 

temperature and, 1221 

filtration and, 1502 

history, 79 

-zeolite, 1053, 1219 

- lime-soda; alum and, 631 seq., 1219 

basic carbonates and, 1218 

clarifier, Dorr, and, 631 seq. 

corrosiveness and, 1341 seq. 

cost, 1037 seq., 1048 

hot process, 1218 

limit, 1218 

mixing and, 630 seq., 634 seq., 636, 

plant; 628 seq. 

cost, 634, 1048 

steel vs. concrete and, 633 


seq. 
settling period, 634 
soda ash addition, point of, and, 
bs 631, 635 seq. 
split treatment, 636, 1219 
vs. zeolite, 1037 seq., 1047 seq. 
- municipal, residual hardness, prac- 
tice, 1041, 1048, 1051 
Ohio, 1529 
‘Plant, 767 
_ sedimentation, pre-, value, 1658 
_ sludge return and, 1658 
Eeyore saving and, 344 seq., 1047 
soda ash, cost, 122, 1222 
soda, caustic, 344 
see Boiler corrosion; Boiler feed 
water treatment; Carbonation; 
Chemical; Lime treatment; Mix- 
ing; Railroad, Etc. 
Soil; corrosion; 42 
Bureau of Standards investiga- 
tion, 311 seq. 
factors, 313 seq. 
galvanic currents and, 314 seq. 
' rate, period of exposure and, 312 
survey, 311 
frost penetration; 1269, 1285, 1561 
paving and, 1561 
permeability, sodium and calcium 


and 
8ee Electrolysis; Iron corrosion; 
Pipe, cast iron; Steel; Toncan 
metal 
South Dakota; rates, authority re, 
195 
water works ownership, 195 
South Platte River; flow; appropria- 
tions and, 1161 
data, 1161 


Southern Pines, N. C.; prechlorina- 
tion results, 260 seq. 
Spring Valley Water Co.; cast iron 
ipe joints, cement, 1300 seq. 
eak surveys, 1010 seq. 
metering, 1011 
watershed protection, 604 seq. 
see Sax. Francisco 
Springfield, Ill.; chlorination taste, 
ammonia and; 1085 seq., 1694 
cost, 1093 
pump packing, B. coli and, 1093 
seq. 
water quality, 1092 
Springfield, Mass.; Cobble Mountain 
water and power project; 879 seq. 
dam design, 879 seq. 
tunnels, 885 seq. 
consumption, 889 
pipeline, welded, construction, 1118 
seq. 
Gpsiaider system; charging for, 1557, 
1559 seq. 


heads opening during fire, number, f 


pressure required, 172 seq. 
services; metering and charging for 
metering, 136 
size and, 914 seq. 


supply, emergency, elevated tanks 


and, 915 
value, 178, 181 seq., 913 seq. 
water used, charging for, 136 
see Fire protection, private 
State commissions; powers of, 196 
seq 
rate regulation and, 195 seq. 
Steam; hydrogen in, 1374 seq. 
piping; 504 
oints, 505 
solids in, boiler water and, 509 


see Boiler; Pumping station; Rail- hie 


road boiler 
Steel; corrosion; alkaline soils and; 
422 seq. 
galvanizing and, 422 
oxygen and, 40 seq. 
see Corrosion; Corrosiveness; Iron 


corrosion; Pipe, steel; Railroad — 


boiler; Soil; Zine coating; Ete. 


Sterilization; see Chlorination; Lime _ 
treatment; Ultra-violet ray treat-— 


ment 


Sterling, Ill.; reservoir contamina-— 


tion, 57 seq. 


Steubenville, O.; manganese and; Bi 
131 


Stigecolonium; chlorination, 1390 
Stockton, Cal.; Crenothrix and Lep- 
tothrix troubles, 753 seq. 
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Stoker; see Boiler 
— elevated, advantages, 1007 


purification and, 596 
see Fire protection; Tank 
Stream; gaging; ey 1200 seq. 
Indiana and 
North Carolina aa: 1197, 1201 
seq. 
financial 
port and, 1204 seq. 
Washington and, 1516 seq. 
see Pollution 
Sudbury, Ont.; 
1285 


sup- 


hydrant inspection, 


main failures, frost and, 1285 
services, thawing, 1285, 1561 
Sulfur dioxide; see Chlorination 
Sulfur gases; removal, aeration and, 
412 
see Hydrogen sulfide 
Sweetwater Water Co.; 
pipeline, 371 
Swimming pool; 107 seq. 
chlorination; chloramine and; 1709 
seq. 
. aftergrowths and, 1709 seq. 
necessity of 
Crenothrix, chlorination and cop- 
i per sulfate and, 755 
history, 109 
pat infections and, 112 seq. 
number in U. 8., 110 
regulations, state, 111 seq. 
see Wading pool 
Symbiosis; see Bacterium coli test 
Synedra; chlorination and, 47 
reservoir, open vs. covered, and, 
| 949 seq. 
Syracuse, N. Y.; waste water survey, 
772 


Tacoma, Wash.; rainfall, 1186 
underground water resources, 1185 


gunited steel 


seq. 
, water supply, 1192 seq. 
Tank; elevated, sprinkler 

emergency supply and, 915 
ressure, supply systems; colon 

bacilli i in, 944 seq. 

sterilizing, 945 


system 


design, 1006 seq. 

history, 1005 seq. 
new, 1628 

| foundations, 1006 seq. 

see Filtration, rapid sand; Storage 
Tannate; alkalinity determination 
| and, 522 
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see Boiler corrosion; Boiler foam 
ing; Boiler water 
Taste and odor; algae and; 45 ani 
chlorination and; 1388 
ammonia and, 1090 
alum and, 544 
Aphanizomenon and, 320 
Crenothrix and, 750 seq., 761 
freedom from, increasing demand 
for, 787 
iron and, 761 ; 
iron bacteria in distribution sys- 
tem and ;chlorination and,255 
flushing ‘and, 256 
Protococcus and, 49 
removal, activated carbon and, 
793 seq. 
see Chlorination; Odor 
Taxation; income, ’ depreciation and, 
1520 seq., 1546 
municipally owned works and, 461 
seq., 476 seq., 484 
practice, 1544, 1617 
Temperature; see Corrosiveness; Fil- 
tration, rapid sand; Flow; Hot 
water system: Lime treatment; 
Pipe flow; Softening 
Tennessee; water supplies; data, 525 
supervision, 524 seq 
Tennessee River; “quality, 235 


seq. 
Terre Haute, Ind.; meter; practice, 
638 seq., 778 
reading, frequency and cost, 784 
metering, 639 seq. 
pressure, 638 
rates, minimum charge, 779, 784 
services, paying for, 778 
water bill; average, 784 
meter deposit and, 785 seq. 
non-payment, percentage, 785 
at copper sulfate and, 45 


Tiffin, O.; fire lines, metering, 233 
meters, ‘experience with compound, 
232 seq. 
o-Tolidin; see Chlorine, free, deter- 
mination; Manganese 
Toncan metal; corrosion, alkaline 
soils and; 422 seq 
galvanizing ond 422 
Toronto, Ont. ; consumption, 1616 
filtration; drifting sand; plant cost, 
1613 
washing and, 1506 
plant, new, 1620 seq. 
slow sand, "plant cant 1612 
financing, 1617 
fire protection; charging for, 1617 
_ pressure system, 1618 seq. 
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gratuitous water, 1617 

hydrants, location, 1287 eat 

intake; cost, 1613 pace’) 
failures, 1612, 1614 {do 
new, 1623 seq. : 


main; extensions, financing, 1617 


talbires; 1281 seq. 
metering, 1616. 
pipeline, submerged, floating of, 
2 


pump check valve breakage, air 
chambers and, 1616 

rates, 1616 seq. 

reservoir, new, 1627 seq. 

superchlorination and dechlorina- 
tion; 543, 794, 1626, 1694 


cost, 802 
tunnels new, 1626 seq. 
typhoid, 1616 ale 


water works system; 1609 seq. 
extensions, 1620 seq. 
Treatment; see Chlorination; Coagu- 
lation; Filtration; Softening; Etc. 
ae Trenching; backfilling, 748 seq. 
@osts, 393 seq. 
method, 742 seq. 
Treponema pallidum; sterilized water 
and, 1084 
water-borne, 1084 
Tulsa, Okla.;’ concrete pipeline, 12 
seq. 
water supply, distance and, 1084 
Tunnels; construction; 885 seq., 1177 
seq. 
cost, 1184 
gas; ’ dynamite and, Gelobel and, 
explosions and, 1181 seq. 
precautions and, 1182 
ae ventilation and, 1178, 1182 


seq. 
lining; concrete; 887 seq., 1181 


seq 
freee Celite and, 1181 
oiled steel "forms and, 17 
steel 


Turbidity; see Coagulation : 
Turbidity determination; in coagu- 


lated water, centrifuging and, 673 
Turbine, steam; wear, solid matter in 
steam ‘and, 509 


| eee Pump, centrifugal; Pumping 
station 

Re Typhoid; Ohio, 1529 

Philadelphia, Pa., 540 
statistics, U. 8. cities, 1928, 963 


Toronto, Ont., 1616 % 184 
water- borne; damage actions; Al- 
bany, N. Y., 554 
‘Lyons, France, 555 

Olean, N. Y. , 554 

diarrhea and gastro-intestinal 
a disturbances accompanying, 


1669 
Hanover, Ger., costs, 555 

~<e responsibility and, 524, 1299 
see Disease; Vessel, navigating 


Ultra-violet ray; characteristics, 1361 
seq. 1G 
microérganisms and, 1362 
treatment; apparatus, 1362 seq. 


cost, 1372 
efficiency, 1366 seq. 4 
theory, 1362 1B 


United States Bureau of Standards; 
copper service pipe, electrolysis 
study, 316 
soil-corrosion investigation, 311 seq. 

United States Geological Survey; 
water analysis methods, 681 

United States Public Health Service; 
purification study, 1057 seq 
quality standard, "experience with, 

1055 seq., 1058 
ship drinking water regulations, 
1660 seq. 

United States Reclamation Service; 
soil-corrosion study, 422 seq. 

Uric acid; see Bacteria, colon group 

Utilities; public, employees’ pensions, 
Ontario and, 1 
see Accounting; Financing; Water 

works; Etc. 


Valparaiso, Ind.; fire hydrant dis- 
tribution and rental, 1554 
Valuation; and, 201 
seq., 1334 s 
franchise pe 200 
going concern value, 200 seq., 1333 
mains, paving and, 200 ) 
operating efficiency and, 198 
prices and, 1334 
rate making and, 194 seq., 907 
reproduction cost method, 
seq. 
“a operating direction, changing, 


1332 


see Distribution system | 
Versailles, France; cast iron pipe, 
long service, 1677 seq. 
Vessel, navigating; cross-connections 
and, 1671 seq. 
drinking water U. S. 
P. H. 8., 1660 seq 


: 


Great Lakes and; drinking water 
conditions, 1660. Seq. 
typhoid epidemics, 1660 seq. 
pollution and, 1662 seq. 
sewage; disposal, 1662 seq. 
hypochlorite filters and, 1663 
steam disinfection, 1662’ 
S. 8. Lake Gaither, typhoid out- 
break, 1664 seq. 
Py typhoid and gastroenteritis out- 
breaks, 1660 seq. 
Victoria, B. C.; water supply, dis- 
tance ‘and, 1084 
Viola, Ill.; well supply, contamina- 
tion, 53 ‘seq 
_Voges- reaction; see Bac- 
teria, colon group 


Wading pool; conditions, study of, 


infections and, 113 

see Swimming pool 

‘Walkerville Water Co.; water supply, 

1629 

see Essex Border Utilities Com- 
mission 

Washington, D. C.; B. coli 

brilliant green bile, 1072 seq. 

me methylene blue brom eresol pur- 

aoe ple lactose broth, 1069 seq. 
non-confirmers, 1067 seq. 

financing, 483 

free service, 483 

reservoir, open and closed, quality 
and, 947 seq. 

Jashington Gas Light Co.; pipe cor- 

rosion studies, 1677 seq. 
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than B. coli, significance, 289 
see Bacteria, colon group; Bac- 
terium aerogenes; Bacterium coli; 
Clostridium welchii; Streptococci 
Bacteria, lime- depositing; 451 
Bacteria, mucosus-capsulatus group; 
pathogenicity, 289 
in water, 289 
Bacteria, spore-forming; phenol and, 
847 


Bacteria, sulfur; as pollution indica- 
tors, 163 ts 
significance, 450 

Bacteriology; history, 857 

Bacteriophage; B. coli destruction 

and, 855 
“bibliography and review, 569 

homogamic theory, 569 

isolation, 855 

as pollution indicator, 855 

Bacterium aerogenes; significance, 
848 
Bacterium coli; aftergrowths, signifi- 
cance, 989 


s bacteriophage, destruction and, 855 
chlorine death point, 291 ey 
cold blooded animals and, 1583 
fish feces and, 439 
fluorescence and, 986 
frogs and, 1583 
leather pump packing and, 1244 
_ quality standard and, 1583 
‘reservoir, uncovered and, 992 


season and, 1438 lan 
self purification and, 1438 
significance, 578, 1583 
see Bacillus, leather; Bacteria, 


colon group; Chlorination; Coag- 
ulation; Filtration; Lime; Steri- 
lization; Swimming pool; ete. 
Bacterium coli test; 586 
confirmation, eosin methylene blue 
agar vs. Endo, 290 

- congo red lactose agar count, 440 
Eijkman; age of pollution and, 1583 
fish feces and, 438 

H-ion concentration and, 440 
— and, false negatives and, 
phosphate addition and, 440 
“fecal index,’’ Gersbach’s, 578 
gas formers resisting chlorination 
and, 857, 858 

indol formation, 147 

methods, 1738 
daa 


m-phenylenediamine-metachrome 
yellow agar, 1419 
presumptive; bile and, 290 
brilliant green bile and, 290, 1115 
interfering organisms and, 289 
symbiosis and, 289 
toluidine blue method, ae 
see Endo 
Baden; hot springs, 1411 
Badian Murg Powder Works; wooden 
pipeline, 576 
Bahrein Islands; 
source of, 1415 
’Md.; ; alum manufacture, 
coagulation experiments, 1605 
corrosiveness, lime and, 841 
cross-connections, elimination, 725 
aa plant effluent, algae and, 


artesian water, 


swimming pools, control, 725 ct 
turbidity removal, 1097 
typ phoid, 863 

Baltimore County Metropolitan Dis- 
trict; trenching and pipe laying 
costs, 1244 

Barberton, O.; filter sand coating, 
manganese and, 857 

Baria, Indo-China; chlorination, 1595 

Barnsley, Eng.; filter plant new, 991 
lead solvency, correction, 991 

Batavia, Netherland East Indies; 
swimming pools, chlorination, 852 

Batavia, O.; softening and filter 
plant, 1757 

Bath, England; thermal 
bibliography, 1411 

Bath, public; Manhattan and, 1591 = 

Bathing beach; pollution, 849 
sanitation, 851 
water quality standards, a 
see Swimming pool 

Bearing; submerged, oil lubrication, 
726 

Beaumont; fire loss damage case, 1743 

Beaumont, Tex. ; swimming pool, 274 

Beaver Valley, Pa.; water supply 
reservoir, 1435 

rr aide Pa. ; see Ohio Valley Water 


0. 

Belmont, Mass.; financing, 567,713 
meter reading and billing, 567 
metering, 567 
pipe, cement-lined, 567 
services, 567 ds 
water unaccounted for, 567 - 

Benton Harbor, Mich. ; Dorr clarifier, 
295 

Benzidine; ferrous iron and, 1234 


waters, 


| 
‘ age of pollution and, 158: ee: 
} 
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= 
‘ 
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74 
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Sulfate determination 

Berkeley, Cal.; see East Bay Munici- 

pal Utility District 

Berlin, Germany; ground water sup- 

plies, 1443 

pumps, centrifugal, steam turbine 
drive, 1104 

Bésangon, France; water supply, 1431 

Bethlehem, Pa.; pumping plant, 

early, 1434 

Big Bethel; corrosiveness, 1603 

Big Spring, Tex. ; ground water study, 
988, 1430 

Bile; see Bacterium coli test; Endo 

Bilharzia; Australian troops ‘and, 569 

control and treatment, 569 


parasites, 569 
water chlorination and, 855 
Billing; bill as lien, 1247 we 


frequency, 567 
high bills, court ruling, 1743 
Bilston, Eng.; waterworks, new, 1414 
Biology; bibliography, 451 
see Books 
Birmingham, Eng.; aqueduct, 1725 
ae treatment and, 1725, 
1726 
ftration, 1725 
1725 


pot 
_ pipe, cast iron; cleaning, 1726 giad 
failures, 17 26 
reservoir, Bartley, 1726 aley 
water supply, 1412, 1725 


River; runoff, ’ record, 842 

Bleaching powder; composition, 278, 

1423 

preparation and properties, 982 

see Army; Bilharzia; Calcium hypo- 

chlorite; Chlorination; Hypo- 

chlorite; Well 

Blenheim, Ont.; water works, new; 
1247 

cost, 1247 

Bloomington, Ill. ;; water supply, new; 

567 


financing, 567 

Bloomington, Ind.; water supply, 159 
Bluewater Toltec Irrigation District; 
dam construction, 560 

Bog; water, dissolved gases in, 147 
Boiler; 1727 

age hardening, 
vention, 716 
damage, 585 
efficiency, 976 
explosion, intercrystalline crack- 
ing at rivet hole and, 1747 


cause and pre- 


failure; 1107 
causes, 1748 
heat accumulators, 585 
inspection, German Federation 
meeting, 585 
installations, new; 704, 705, 976 
high pressure, 719 
manufacture, 585 
materials; alloy steels, 440 
testing, ‘importance, 1748 
operation control; chemical, 718 
methods, comparison, 1239 
performance, factors, study, 276 
plate; aging; 1747 
annealing and, 1748 ah 
cracks; hair-, cause, 1748 


rivet- hole, 1748 rent 
fractures; 440, 441 
bibliography, 441 
mechanical, 721 
nickel-steel, 1737 
recrystallization, 1747 
strength tests, 441 Og 
problems, 448 


- rivet embrittlement, 1748 
size, record, 1254 
superheat, materials, and, 581 
superheater tube cracking, recrys- 
tallization and, 1748 
temperature control, 584 
tube; beading, 442, 585 
cracking, heat stresses and cor- 
rosion and, 1748 


damage, causes, 442 sgt 
heat transmission;1235 
formula, 1729 


rupture, scale and, 721 
water tube, 2-pass vs. 4-pass, 704 
see Economizer ;Evaporator; Steam 

Boiler compound; 719, 720 
selecting, 1750 
see Railroad 
Boiler corrosion; 1107, 1108, 1748, 
1749 
acid action, 1747 
acidity and, 1748 
bibliography 716, 1108 
carbon dioxide and, 1109, 1421 


causes, 721, 1113, 1747 
causticity and, 1748 
chloride and, 1108, 1421 ~H 
control, pH and, 438 thet 


embrittlement; 441, 442, 447, 1108 
caustic; 443, 1108, 1109 
4 prevention; 583, 718, 1110 


acd sodium acetate and, 443 
fee sodium phosphate and, 
443 
tannate and, 443 
goda ash treatment and, 720 
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strain and, 1748 
preventive treatment ere 
1750 Z 
stress and, 441 
external; 716 7 
B 


lime-soda and, 1424 
magnesium chloride and, 1107 
- materials, choice of, 1752 
oxygen and, 442, 443, 582, 1109, 1112, 
1244, 1421, 1749 
: pitting; g alvanic action and, 582 
oxygen 1421 
prevention, 446, 1746 
pressure, high, and, 1748 
prevention; 442, 443, 583, 716, 718, 
‘921, 722, 1107, 1108, 1110, 1113, 
1746, 1747, 1748, 1752 
colloids and, 443, 721 
electrolytic, 149° 
protective film formation and, 
1748 


tannates and, oxygen absorption 
and, 1108 
problems for investigation, 720 
rust removal, acid and inhibitor, 
1420 
salts; acid forming and, 1109 
non-scale forming and, 721 


sodium sulfate and, 1107 
strain and, 1107 
theory, 442, 716 
tube, strain and, 978 
see Corrosion; Iron corrosion; 
Railroad; ete. 
Boiler feed water; 586 
calcium carbonate and, 1747 thas, 
calcium sulfate and, 1747 on ae 
condensate as; 449, 1107, 
turbine and, 1751 
distilled ; 584 
vs. chemically treated, 582, 583 
evaluation, 1754 
gases dissolved and, 1747 
industrial waste pollution and, 444, 
mill waste and, 447 
Magnesium carbonate and, 1747 
oil, alarm device and, 1754 
pum s, 585 
regulation equipment, new, 717, 
111 


-requirements;582,1113 
standard, 582 


research, committee report, 
1749 

silica and, 1747 

suspended matter and, 1747, 1751 

see Boiler corrosion; Boiler Scale; 
Railroad; Water analysis; etc. 


oiler feed water treatment; 276, 443, 


446, 448, 449, 719, 724, 1108, 1113, 
1234, 1238, 1600, 1729, 1750, 1751, 
1755 
barium salts, 1738 
bibliography, 443 
carbon dioxide removal, 1107 
carbonate-sulfate ratio ‘and; 584 
sulfate-phosphate treatment 
and, 1750 ite 
chemical feed, 1113 ae 
chemical, hot vs. cold, 583 
colloids and; 1108 
Algor and; 1109 
Filtrator and, 1108, 1109, 1235 
cost, 446, 583 
deaeration; 583, 1113, 1750 
Weir “Optimum,”’ 
degasification; 150, 583, 584, 717, 
1109, 1112, 1113, 1750 
apparatus; cost, 717 
Morawe, 583 
distillation, 1108, 1750 
electroésmosis, 443 
equipment, new, 718 
filtration; 1110, 1113, 1750, 1751 
silicates and, 1739 
heating; 1421, 1749, 1750 
reheaters and, 585, 1109 
H-ion concentration and; 274, 1112, 
1750 
lime-soda and, 720 
Rees colorimeter and, 1112 
sodium hydroxide and, 1112 
Kestner process, 443 
lime, 444 
lime-barium 276 i 
lime-soda; 146, 448, 583, 1108, 
1238 1749, 1751, 1754 
-zeolite, 448, 583 
Neckar system, 717, 1238 
oil; colloids and, 442, 1235 
removal; 704, 1109, 1754 
alum and, 1752 
separator and, 1752 
oxygen removal, 1107, 1738 
phosphate and, 584, 1751 
physico-chemical, 584 
progress in, 582, 583 
silicic acid removal, 1749 
silicon removal, 1108 
soda ash, amount required, 1751 
soda, hot process, 448 
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sodium aluminate, hydroxide and 
carbonate; and cost, 1114 
sodium hydroxide, hot process, 276 
softening; 583, 584, 704, 722, 1751, 
1755 
magnesium and, 582 
steam cylinder lubrication and,1751 
superposed tray system, 1755 
supervision, 1750 i 
tendency in, 583 vt 
thermal, 584, 721 
thermochemical, 583 
tube renewals, reduction and, 1600 
zeolite; 1108, 1113 
deconcentration, necessity and, 
1109 
salts, soluble and, 1109 
sulfate-phosphate treatment and, 


«sulfuric acid, 1424 
see Boiler corrosion; Boiler scale; 
Evaporator; Railroad; Softening; 
Ete. 
Boiler foaming; 584, 1108 4 
causes and prevention, 1107 
conditions governing, 1751 
inhibitors and, 1114 
see Boiler priming; Railroad 
Boiler furnace ; 719 
air-carbon dioxide chart, 150 
air heaters, 585 is 
ern equipment, 584, 704, 
1 


pulverized; 1240 
equipment, 585 
control, carbon dioxide and uptake 
temperature and, 150 
draft fan, 704, 719 
dust collectors, 585 
flue gas; analysis apparatus, 584 
carbon dioxide recorders, 1235, 
1425 
carbon monoxide and dioxide 
recorder, 983 
fuel economy, 1235 
gas-air mixtures, explosiveness, 
pressure and, 1748 
grates; 585, 984 
chain, coal meter and, 1234 
corrosion, 984 
mechanical, 585 
linings and refractories, 584 
losses; equations, 1239 
factors, 1239 
gases, stratification and, 1235 
wage-bonus system and, 1239 
smoke removers, 585 
soot blowers, 585, 704 
stoker; mechanical, 704 
underfeed, 704 
water cooled, and advantages, 1239 


Boiler scale; 1107, 1108 


Boiler priming; 584, 1108, 1751 


causes and prevention, 1107 © a 

factors, 1238 

see Boiler foaming 


bibliography, 441 
calcium sulfate; 721 
formation; 1747 visg 
rate, 1747 aay 
heat conductivity, 1747 ui-E 
causes, 721 ‘ 
efficiency and, 722 
formation, 441, 1421, 1747, 1753, 
1754 
lime-soda and, 1424 
magnesium and, 1754 
nature, factors, 980 
prevention; 441, 446, 448, 583, 716, 
718, 721, 980, 1108, 1110, 1112, 
1113, 1754 
arsenate and,1754 
barium and, 1754 
colloids and, 442, 443, 721, 980, 
1109, 1235, 1754" 
electrolytic; 149, 720, 1112, 1113 
Cumberland, 980 
fluoride and, 1754 
Neckarsystem, 1427 
phosphate and, 1754 re maldorg 
resin, hydrated, 0 Jen 
removal; 448, 1747 bisa 
colloids and, 
corrosion and, prevention, 722 
electrolytic, 1113 
Groeck method, 1747 
theory, 716, 1107, 1112 
thermal effects, 1107 
types, 980 
see Calcium carbonate; Condenser; 
Cooling; Railroad 


Boiler water; blowdown; 718, 722, 


1750 
continuous; 146, 718 
heat utilization, 446, 1114, 
1424 
cost, 446 ay 
intermittent, 1751 =| 


chemical feed, 1111, 1112 9389 


circulation, 717 
concentration control, 1751 
conditioning, high pressure and, 


deconcentration, 1109 

filtration, iron silicate and, 722 

gases, determination, sampling and, 
1235 : 

level regulator, ‘“‘Direkt,’’ Venturi 
meter and, 1243 

oil in, dangers of, 1752) 
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galt and sludge; boiler efficiency 
and, 583 
removal, 583 
sampling, 1751 
gilicic acid, separation, prevention, 


treatment, 721, 1108 
{ see Boiler compound; Boiler corro- 
gion; Boiler feed; Boiler scale; 
Railroad; Water analysis 
Boiling; sterilization and, 429 
Bonnet Carré spillway; see Missis- 
sippi River é 
Books, new; A Study of Centrifugally 
Cast Pipe (Metal-Mold Process) 
versus Sand Cast Pipe, 1262 
A Study of Factors Affecting the 
$ Efficiency and Design of Farm 
Septic Tanks, 1442 
A Treatise on Chemical Engineer- 
ing «Applied to the Flow of 
 -—Industrial Gases, Steam, Water, 


and Allied Liquid Chemicals, 
i Including the Pneumatic Trans- 
port of Powders and Granulated 
4a aterials. With Details for Cal- 
culating ~Fan Power, Pumping 
Power, Friction Losses in Pipes 
and the Like, Together with Full 
_---- Practical Details for Measuring 
Flow and _ Viscosity of Gases and 
Liquids, 1607 
_ Automatic Control of Acid Baths, 
_ Biologie der Trink- und Brauchwas- 
 seranlagen, 450 
Bioprecipitation Studies, 1921-1927, 
- Burst Water Mains, 861 
Chemistry in Medicine, 296 
Contributions to Hydrology of 
United States, 168 
Das Fassungsvermégen von Rohr- 
brunnen und seine Bedeutung fiir 
Grundwasserabsenkung, in- 
sbesondere fiir grobere Absen- 


kungstiefen, 167 


Eighth Annual Report of Ohio 
_ Conference on Water Purifica- 
tion, 1928, 1755 
__ Elements of Hydrology, 1607 
First Report of the Joint Advisory 
Committee on River Pollution, 
Gespannte Wiisser, 168, 1263 
Grundwasserkunde, 1442 
Hydraulic Laboratory Practice, 
| _ Industrial Carbon, 1759 


Industrial Effluents, Their Purifi- 


suspendedmatterand,1747 


cation, Disposal and Economic 
Utilization, 1760 
Investigation and Appraisal of 
Mineral Waters and Mineral © 
Springs, 1443 
Investigation of Water Supply in 
the Dutch East Indies During 
1927, 297 
Montana. Ground Water in Yel- ng 
and Treasure Counties, 
Ninth Annual Report of the Scot- 
tish Board of Health, 1927, 450 
On Water, 586 
Principles of Valuation, 296 a 
Proceedings of the Eleventh Texas 
Works Short School, 1929, 
Proceedings of the Fourth Annual _ ce 
Conference on Water Purification, 
West Virginia, 857 
Proceedings of the Second Annual =~ 
Conference, Maryland Water and re 
Sewerage Association, 1928, 722 2 
Proceedings of the Sixth Annual _ 
Short School, Texas Association | 
of Sanitarians, 860 
Proceedings, Organization Confer- 
ence of Virginia Water and Sew- 
age Works Association, 1929, 1602 
Protective Metallic Coatings, 1607 | 
Report of Bureau of Sanitary Engi- __ 
neering, Maryland State Depart- 
ment of Health, 1928, 862 
Report of Sanitary Engineering 
Division, Wisconsin, 861 
Resistance Thermometers, 296 
Salinity of the Water of Chesapeake 
Bay, 1114 
Sixty-First Annual Report ofthe © 
Commissioners of Water Works in 
the City of Erie, Pa., 1927, 859 aps 
Standards of the Hydraulic Society, om 
360 


Steam Turbines, 167 

Stream Pollution in the United 
States, 168 

Students’ Kelvin Bridge, 859 ook 

Surface Water Supply of Hawaii, — 
1923-4, 1116 = 

Surface Water Supply of the Sacra- 
mento River Basin, 1895-1927, | 


1760 
Surface Water Supply of the United _ 


ale 


States; Colorado River Basin, am 


Great Basin, 450 
Hudson Bay and Upper Missis- — 


be 
R5S 
sippl Basin, 167 
Lower Mississippi River Basin, 
168 


Missouri River Basin, 588 

North Atlantic Slope Drainage 
Basin, 449 

North Pacific Slope Drainage 
Basins, Lower Columbia River 
Basin and Pacific Slope Basins 
in Oregon, 1116 

North Pacific Slope Drainage 
Basins. A. Pacific Basins in 
Washington and Upper Colum- 
bia River Basin, 1760 

North Pacific Slope Drainage 
Basin and Snake River Basin, 
168, 1442 

Pacific Slope Basin, 450 

Pacific Slope Basins in California, 
168, 1760 

South Atlantic Slope and Eastern 
Gulf of Mexico Basins, 168 

Western Gulf of Mexico Basins, 
588 


The A BC of Hydrogen Ion Control, 
861 


The Control of Floods by Reservoirs. 
An Appendix (Bulletin 14) to the 
Summary Report to the Califor- 
nia Legislature of 1927 on the 
Water Resources of California 
and a Co-ordinated Plan for 
Their Development, 1607 

The Depth of Sewage Filters and 
the Degree of Purification, 1442 

The Municipal Year Book for 1928, 
296 


The Principles of Sanitation, 167 
The Purification of Water, 860 
I. The Question of Chlorination 
and Dechlorination During Ster- 
ilization of Water. II. The True 
Free and Apparently Free Active 
Chlorine in Solution and Its 
Detection, 586 
The Simple Goitres, 450 
Trade Standards, 860 
Transactions of the 8th Annual 
Conference of State Sanitary 
Engineers, 1927, 725 
Wasserabfluss Durch Stollen, 167 
Boring; cost, 991 
diamond loss, reducing, 991 
see Well 
Boston, Mass. ; cast iron pipe tubercu- 
lation, 578 
Metropolitan District; water cost 
apportionment, 567 
water project, progress, 1731 
water supply, early, 1434 
Boulder Dam; see United States 
Bureau of Reclamation 
Boyds Corners Dam; see New York 


; Windsor 
swimming pool, 1246 
Brass; corrosion; 978, 1728 


Bradford, Eng. 


in filters; 565 Ley 
annealing and, 566 


laboratory tests, reliability, 
1737 

prevention, arsenic addition and 
1728 ioe 


stray current, 1728 tole 

see Condenser; Pipe 
Breslau, Ger.; manganese, 286 
Brewing; water quality and, 1241 
Brilliant green; see Bacterium coli 


test 
British Columbia; drainage, 714 
Bronze; corrosion in filters; 565 
annealing and, 566 
Bryozoa; chlorination and, 1102 
Bucks Creek; see Feather River 
Power Co. 
Bull Run Dam; see Portland, Ore. 
Burlingame, Kans. filter plant im- 
provements, 564 
Burns and McDonnell Engineering 
ra water purification, pamphlet, 
60 


Caddis Worms; algae and, 148 
Cairo, Ger.; manganese, 286 ; 
Cairo, Ill.; flood prevention, 283 — 
Caisson; construction, 284 
see Tunnel 
Calcium carbonate; deposition; or- 
ganisms and plants and, 451 
as pipe coating; carbon dioxide 
absorption by ferric hydroxide 
and, 715 
H-ion concentration and, 576 
and, 576, 577, 
2 


salt content and, 1112 
soda ash treatment and, 576 
precipitation; colloids and, 980 
H-ion concentration and, 426 
stirring and temperature and, 980 
saturated solution, pH of, 426 
saturation equilibrium; 585 
determination, 585 
solubility, 426 
see Boiler feed; Boiler scale; Carbon 
dioxide; Carbonation; Chalk; 
Hardness; Limestone; Marble; 
ea coating; Softening; Whiting; 
te. 
Calcium chloride; see Concrete 
Calcium determination; as oxalate; 
ignition in oxygen and, 1237 
magnesium and, 150 
Calcium hydroxide; saturated solu- 
tion, pH value,426 = = | 
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saturation equilibrium, 585 free and half-bound, pH and, om 


solubility, 426 tionship, 575 2 
Calcium hypochlorite; fish and, 1234 removal; 1110 

stability, 1596 aeration and; 858 

see Bleaching Powder; Caporite; spray, i111 ‘ 

Chlorination; Hypochlorite lime 1111, 1755 
Calcium silicate; solubility, sulfate marble and, 1111, 1234 
, and chloride and, 980 total, conductivity and, relation- 

Calcium sulfate; solubility, 721, 1747 ship 

see Boiler feed water; Boiler scale see Alkalinity; Boiler corrosion; — 
California; bathing beach standards, Boiler feed water treatment; 


Boiler furnace; Corrosiveness; 
chlorination, 561 Gases; Iron corrosion; Lead; 
; Colorado River controversy, 1258 Lime; Pipe iron 
- dams, law and, 281 Carbon monoxide; see Boiler furnace 
flood records, 562 abate Carbonate; see Boiler scale; Calcium; 
he metropolitan district Act, 706 aut + Carbon dioxide; Softening; el 
_-water rights; 288 Carbonate determination; see Carbon © 


damage claims, proposed sna: dioxide 
tion, 1416 Carbonation; 445, 719, 854, 1757 
= ‘‘reasonable use’’ doctrine, 1252 alum dosage reduction by, 1756 
water works; 561 carbon dioxide loss and, 1755 
ae laboratories, 561 in coagulation basin, 1755 
gee Books coke and; 1756 
Cambridge, Mass.; reservoir, gunit- consumption and, 1755 
ing, 559 compressor valve corrosion, 854 
Camp; tourist, standards, 860 double, 1756 
Camp Far West Irrigation District; incrustation prevention and, 1115, 
dam on Bear River, 563 1755, 1756 4 
Canada; water power development, oil furnace and, 1757 
extent, 715 see Railroad; Softening 
see Dominion Cardiff, Wales; Wenalt reservoir 
Canal; concrete, cost, 580 construction, 1727 
: desilting, 559 Carlisle Barracks, Pa.; swimming 
Caneadea Dam; see Rochester Gas pool water purification, 1590 
and Electric Corporation Carnegie Steel Co.; phenol waste 
Canning waste; dilution required, 277 - disposal, 438 a 
treatment; 276 Cartagena, Spain; artesian basin, 
lime and i iron, 864 1416 
sodium aluminate-lime; 843 Cascade Tunnel; see Great Northern 
cost, 843 Railroad 
studies, '851 tte Cast iron; cutting burner, oxyacety-— 
Caporite; composition, 1421, 14250 lene, 1418 
stability, 1425 graphitization; cause, 706 > 
sterilization and; 1421 : in running water, 706 
apparatus for, 1585 protective film formation, 1111 ) 
Caracas, Venezuela; filtration, 581 well strainers, long life, 711 
rainfall, 581 see Iron; Pipe 
water supply, 580 Cellulose waste; treatment, 1242 
Carbon, activated; adsorption by, Cement; durability, 1427 
1760 quick hardening; “‘Ferrocrete,’’ 1253 
_chlorophenol taste and, tests of, 277 ; 
dechlorination and, 1602, 1758 “quickhard, 1098 
sterilization and, 1602 Portland, composition, trend, 278 


water treatment. and, 1760 sulfate waters and, 1427 ] 
see Books tests, different laboratories, com- 
Carbon dioxide; determination, free parison, 277 
and fixed, 148° see Concrete; Grouting; Tank 
diurnal variations, 162 Cemetery; ground water quality and fs 
— hydroxide, adsorption by, 715 285 
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Central Alloy Steel Corporation; 
Massillon water plant, 1111 
Chalk; alkalinity adjustment for 
coagulation and, 991 
lead solvency correction and, 991 
see Calcium carbonate; Corrosive- 
ness; Limestone; Marble; Whit- 


in 
water, growth and, 1101 
Champion Fibre Co., power plant, 719 
Channel; flow determination chart, 
1258 
section, equivalent rectangle, de- 
termination, chart, 1258 
see Flume 
Chapei, China; filter plant, new, 1586 
Charcoal; see Chlorination; Iron re- 
moval; Manganese removal; Phenol 
Charleston, S. C.; services, loss of 
head and, 1742 
Charlottesville, Va.; red worms, 1603 
slow sand filtration, low and high 
rate; 1603 
cost, 1603 
water supply, 1603 
Chattanooga, Tenn. ; water treatment 
plant, 444 
Chaussey Lake; pH, 985 
Chemical; see Books 
Chemical feed; 159, 272, 445, 1111, 
1239 
automatic, Venturi controllers, 1606 
Osilameter, 1110 
solution; automatic, 841 
control, electrical, 712 
vs. dry, 153 
under-shot waterwheel type, 272 
see Boiler feed water treatment; 
Boiler water; Lime treatment 
Chemistry; see Books 
Cherry River Paper Co.; waste treat- 
ment, 857 
Chesapeake Bay; see Books 
Chesapeake and Ohio Railroad; water 
treatment, 426 
Chicago, Ill.; consumption, 563 
filter plant, experimental, 563 
lactose fermenting bacteria, 289 
pump packing, B. coli-like organ- 
isms, 1244 
region, water supply problem, 1257 
typhoid, 1598 
Chicago and Alton Railroad; pitting, 
electro-arsenic treatment, 1440, 
1752 
Chicago, Milwaukee and St. Paul 
Railroad; pitting prevention, feed 
water heater and, 447, 448 
Chicago and Northwestern Railroad; 
boiler feed water treatment, 718, 


well, plugging with concrete, 1744 

Chicago, Rock Island and Pacific 
Railroad; Silvis, Ill., water station 
1441 

Chicago Sanitary District; phenol 
biochemical oxidation study, 
sewage disposal, 1262, 1731 

Chickasaw, Ala.; chlorinated cop- 
peras and sodium aluminate experi- 
ments, 1605 
filter plant, new, 1605 

Chicopee, Mass.; dam construction, 
1432 
wooden conduit, old, 982 

China; cholera problem, 1588 

red worms; oxygen and, 

reservoir covering and, 428 

and white superchlorination and, 


Chloramine; chlorine absorption de- 
termination and, 1419, 1589 
disinfecting power, 852, 1437 
preparation of mono- and di-, 1243 
stability, 1419 
sterilization and; tablets and, 1421 
time and, 1437 

see Army; Bilharzia; Chlorination; 
Chlorine absorption; Swimming 
pool 

Chloride; determination; 720 

Mohr, modification, 1236 


silver nitrate standardization, 
1 


see Boiler corrosion; Sodium chloride 
Chlorinated copperas; apparatus re- 
quired, 1604 
see Coagulation; Color; Laundry 
Chlorination; 277, 445, 586, 856, 1434, 
1583 
aftergrowths, significance, 719 
apparatus; 711, 1428, 1585 
automatic, for auxiliary supplies, 
156, 1256, 1746 
bleaching powder and, 1595 


care of, 294 i 


duplicate, advisability, 1742 
electrolytic, 713,856 
water supply for, 1233 
aquapurol, 1421 
B. paratyphosum and, 1728 
bleaching powder, efficiency; 1586 
acid addition and, 1586 


Bryozoa and, 1102 


California and, 561 


Caporite and, 1421, 1425, 1585 


chloramine and; 1243 ; 
vs. chlorine, contact period and, 


1437 
tablets, 1421 4 


WAL 


Se 
6004 
hia 
: 
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chlorine peroxide and, 1728 


cholera vibrio and, 1728 Abra) 
clay, colloidal and, 1425 ) vas 
contact period, 844, 1583 leva 
control; 1422 
o-tolidin and, 723, 858 ae 


corrosion and, 723, 1111, 1427) 
cost, 855 
Crustacea and, 1745 
Cyclops and, 854 
Daphnia and, 854 
dechlorination and; 277, 1424 
carbon activated and; 1602 — 
carbon; destruction and, 1758 
size and, 1758 
filtration rate, 1758 
charcoal and, 844 


sodium thiosulfate combined 
with soda ash for corrosiveness, 
1745 


sulfur dioxide and, 578 
thiosulfate and, 854 

diatoms and, 1593 

dosage; bacteria, various and, 291, 
1728 
chart, 165 
determination, chlorine absorp- 

tion vs. oxygen demand, 286 

temperature and, 1583 

double, 714 

dysentery bacillus and, 1728 

efficiency; 1586 

gas formers, resistant and, 857, 


emergency, 424 
Ergichlor and, 1421 


fish and, 723 


Germany and, 1738 ado 
goiter and, 988 
ealth and, 723 
history, 1738 


hydrogen-ion concentration and; 
1487 


change and, 1427 
hydrogen sulfide and, 287 


hypochlorite vs. hypochlorous 
acid, 1437 

Javellization, 845 

limitations, 726 Wen it. 


main, pressure and, 565 
mixing; aerators and, 1587 1O%i 
baffled conduit and, 1724 
necessity of, 1588 
organic matter and, 444,1728 
plant life and, 723 ; 
pre-; 714, 1102, 1599 if 


advantages, 578 wW 
algae and, 1249 
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practice, 714, 844, 1606 


of, 1115, 1755, 1757 
sin’ sewage, domestic, and, 
1101 
guperchlorination; and de- 
chlorination; with acti- 
oer vated carbon, 844 


Chlorine; compressed, handling, 1241 


Asterionella, taste and odor and, 
1606 
coagulation with alum and, 1606 — 
color removal by alum and, 1604 _ 
filter; condition and, 1606 
gas formation in, and, 858 — 
filter runs and, 1115, 1249, 1606 
Synedra and, 1257 
products, antiseptic action, 587 B. 
progress, 274, 578 a 
reactions occurring on, 1426 te 
residual; forms of; 586, 1437 
disinfection and, 586, 1437 
hypochlorous acid, propor- 
tion and, pH and, 1437 


Shiga bacillus and, 1728 
= hypochlorite vs. chlorine, 
17 


split, 1599 
sunlight and, 1425 Tate 
taste and odor; causes, 1429 
chloramine and, 1243 
in coffee, residual chlorine and, 
723 ‘OT! 
cresol and, 578 
elimination, 1429 | 
phenol; 578 WRN OMT 
ammonia and, 1115, 1758 
carbon, activated, and, 1602 
concentration and, 1101, 1758 
dyeing waste and, 864 
lime treatment, substitution 


with sulfur dioxide; 


wae and cost, 1256 
dosage required; 1758 
erman- 


potassium 
ganate and, 1758 
in tea, residual chlorine and, 723 

temperature and, 1585, 1595 

theory, 151, 276,1728 

typhoid and, 578 sian 

water fleas and, 1745 

worms, red and white, midge fly 
larvae and, 1 

see Algae; Army; Bilharzia; Bleach- 
ing powder; Books; Chloramine; 
Chlorine; Chlorine absorption; 
Coagulation; Hypochlorite; Ja- 
vel; Manganese; Phenol; Swim- 
ming pool; Well 


paint and, non-absorbing, 846 
tank valves, standardization, 726 
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Chlorine absorption; aeration and, 
1244 
ammonia still waste and, 1758 
ammonia treatment and, 1758 
bicarbonate content and, 286 
chlorine concentration and, 586 

seq., 1758 

influencing and, 286, 


determination; Bruhns method, 286 
chloramine and; 1419 


sodium hypochlorite and, 
comparison, 1589 bie. ele 
Froboese method, 286 


Olszewski method, 286 
H-ion concentration and, 286, 1583 
light and, 1583, 1600 
oxygen consumed, comparison, 286, 

1419, 1590 
oxygen demand, relationship, 1419 
retardation, 726 
temperature and, 1583, 1595 

Chlorine determination; active, in 
hypochlorite, rapid method, 150 
Chlorine, free, determination; appa- 

ratus, 861 
benzidine and; 152, 586, 724 
manganese and, 724 


dimethy]phenylenediamine, 152 
methyl orange and; 586, 588 5h, 


hypochlorite and, 1437 
-naphthoflavone-iodide vs. starch- 
iodide, 844 
starch-iodide; 152 
interfering substances, 724 
loosely-bound chlorine and, 586 


seg. 
a-tolidin; 152, 723 a 
chlorine, forms of, and, 586 5s: 
comparator and, 274, 861s 
factors influencing, 724 
manganese and, 431 
sunlight and, 1600 
see Books; Chlorination 
Chlorine peroxide; chlorination and, 
1728 
Cholera; China and Japan and, 1588 
epidemic, Hinghwa, China, 849 
chive and, regulations and, 1588 
see Vibrio 
Cincinnati, O.; chlorination taste, 
lime treatment substitution and, 
1757 
coagulation, lime and iron, lime 
dosage and, 1758 
filter; resanding, 1757 
sand coating, 1757 
sand loss, temperature and, 1757 
phenol pollution, 1580 
pipe, cast iron, breaks, 840 


fie 


Clam; black ash waste and, 1729 
Clarifier; Dorr, 295 
see Coagulation basin; Softening 
Cleveland, O.; filter; concrete dis- 

integration, 1756 
sand loss, temperature and, 1757 
pipe, cast iron, breaks, 
superchlorination and dechlorina- 
tion by charcoal, 844 
water gratuitous, 159 
Clostridium welchil; B. coli test and, 


289 
chlorine death point, 291 
pathogenicity and significance in 
water, 289, 290 
Coagulation; 159, 719, 1429 
aeration and, 275 
agitation and, 1244 fie 
algae and, 1604 pi. 
alkali, lime vs. soda ash, 1604 
alum; algae removal and, 1593 a 
ammonium, 1596 
and chalk, 991 
chlorine and, 1105, 1606 
dosage; 1605 ALTE 
carbonation and, 1756 
prechlorination and, 295, 1606 
H-ion concentration and, 275 | 
vs. iron sulfate, 1105 ae oe 
and lime, 858, 1111 
potassium, 1596 
in reservoir, 279 
and sodium aluminate; 448, 719 


algae and, 1249 yee 
17% vs. 22%, 1606 
alumino-ferric, 575, 712, 855 


chlorinated copperas; 1115 
dosage and, 1605 
floc characteristics, 1605 
H-ion concentration and, 1605 
colloidal clay, lime and, 1425 
control, laboratory, 167 
dosage determination, jar tests, 
858, 1604 
double, 273 
ferric chloride; dosage and, 1605 
H-ion concentration and, 1604, 
1605 
ferric sulfate, dosage and, 1605 
filter condition and, 1606 
H-ion concentration and; 274, 1604, 
sulfuric acid and, 1115 oe 
iron and lime; 858 ms 
disadvantages, 1425 
floc; composition, 576, 719 ott 
sulfate adsorption and, 577 
H-ion concentration and, 577 
lime dosage, efficiency and, 1758 
iron in water and, 1603, 1604 
microérganisms, mixing and; 842 


: 
Te 
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organic matter and, 444 
sludge pressing, 713 plant 
sodium aluminate, 274, 726, 1115 
turbidity addition and, 1249 
aligns, removal and, 1115, 1249, 
125 


see Canning; Color; Corrosiveness; 
Laundry; Mixing; Paper; Silica; 
Softening; Sugar; Swimming pool; 
Wool 

Coagulation basin; 158, 160, 293, 444, 

448, 562, 981, 986, 1260, 1261, 1725 

baffled, 564 

cleaning devices, 719 

design, 153, 1430 


flow, distribution, 712, 1256 
sludge removal; 712 alps, 
dredge and, cost, 1249 farigkc 
hopper bottoms and, 976 
trough and, 1105 | 


see Sedimentation basin 
Coal; see Boiler furnace 
Coating; corrosion protective; 1237 
abrasion and, 1237 
surface preparation, 1237 
protective, 584, 1113 
see Books; Calcium carbonate; 
Corrosion; Paint; Pipe 
Cobble Mountain Dam; see Spring- 
field, Mass. 
Cofferdam; see Intake 
Coke plant; see Gas and coke works 
Collection; see Billing 
Colloid; see Boiler scale; Silica 
Colloids, determination; 163 
Color; determination; apparatus, 844 
Olzewski-Rosenmuller method, 
1592 
dispersion, pH and, 1604 
lime and, increase and, 1605 
as quality index, 986 
removal; coagulation; alum; dosage 
and, 1605 
hydrogen-ion concentra- 
tion and, 1605 
lime addition, before vs. 
after filtration, 1605 
prechlorination and, 1604 
soda ash and lime, pep- 
ot tization and, 854, 1745 


Cee sulfur dioxide and, 1115 
ae whiting and; 854, 1745 
ect filter runs and, 1745 


alumino-ferric, 712 
chlorinated copperas; 1604, 
1605 


cost, 1605 

dosage and, 1605 

and sodium aluminate, 
1605 
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H-ion concentration and, 
1604 
iron and lime, pH and, 1604 
filtration and; 148 
che coagulation and, 844 
zeolite softening and, 1728 
storage and, 1746 
Colorado; swimming pool regulations, 
425 
water rights, 981 
water use, law and, 288 
Colorado Power Co.: ; Steel corrosion, 
stone fly larvae and, 562 
Colorado River; controversy, Ari- 
zona-California, 1258 
flood control, Boulder dam and, 1732 
silt and, 433, ”1600 
water quality, 168 
see Books 
Colorado Springs, Colo. ;metering, 982 
water supply and hydro-electric 
plant, 981 
Colorimeter; see Hydrogen-ion con- 
centration; Nessler 
Columbia Dam; leakage, 
grouting and, 159 
Columbia River; see Books 
Columbus, O.; carbonation, compres- 
sor valve corrosion and, 854 
chlorination taste, phenol concen- 
tration and, 1758 
consumption, 854 
O’Shaughnessy dam, 154 
softening; lime-zeolite, 426, 445 
plant, 445 
recarbonation and, 854 
water purification report, 1927, 854 
<r pound carbon fuel unit, 
1 


asphalt 


see Boiler furnace 
Community Water Service Co.; activ- 
ities, 1432 
Concrete; aggregates; absorption de- 
termination, 1259, 1737 
débris; removal, air blower ond, 
strength and, 278 
limestone, 1098 
moisture determination, 1259, 1737 
crazing, causes and prevention, 278 
curing; calcium chloride and, 566 
earth and water, 566 
sodium silicate and, 566 
cutting under water, 284 
deterioration in water, factors, 1241 
disintegration in filters, 1756 
flume failure, 1756 
frost and, 1258, 1756 
permeability determination, appa- 
ratus, 279 
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placing in winter, 561 

portland vs. accelerated portland, 
strength and, 279 

reinforced, failure, 1752 

reinforcing, corrosion, cinders and, 
984 

setting and hardening, accelerat- 
ing, calcium chloride and, 277 

strength; curing in steam and, 1733 

freezing and, 1733 

calcium chloride and, 


temperature and, 1732 

testing equipment, 279 

wash water tank, vs. steel, 1756 

waterproofing; diatomaceous earth 
and, 285 
methods, selection and cost, 1106 

weight per cubic foot, 283 

see Cement; Conduit; Dam; Gunite; 
Pipe, cement- lined; Pipe, con- 
crete; Pipe, steel; Reservoir; 
Standpipe 

Condenser; 585 

cleaning; corrosion prevention and, 


rust removal, acid and inhibitor, 
1420 
corrosion; 1728 
of brass tubes, 146 
factors, 1244 
prevention, 722 
leakage detection, 720 | 
scale; efficiency and, 722 
prevention; electrolytic, 1112 
vs. removal, 146 
removal, automatic, 447, 1249 
water; iron waste and, 447 
trade waste pollution and, 1753 
see Cooling 
Conductivity; see Books; 
dioxide 
Conduit; concrete, subaqueous, con- 
struction, 1250 
flow determination, chart, 1258 


TA 14, 


Carbon 


section, equivalent rectangle, 
chart, 1258 
see Main; Pipe 


Congo red; see B. coli test 
Connecticut; bathing beach sanita- 
tion, 851 
swimming pools, 430 
Lake; pollution study, 
1741 
Consumers Water Co.; activities, 1432 
Consumption; Akron, "O., 837 
Albuquerque, N. M. , 561 
Chicago, Ill., 563 Dita 
Chile desert quota, 288 Nilidgsnriog 
Columbus, O., 854 
Detroit, Mich., 707 


disease and, 165 55 
England, 1261, oxby 
Erie, Pa., 859° 
Europe, 852 
Evansville, Ind., 1260 
Great Britain, 165, 1589 
increasing, 711 

King William’s Town, S. Africa, 853 
Knoxville, Tenn., 976 
London, Eng. , 165 
Manila, ¥. 568, 848 
Marengo, Ill., 706 S82 
meteringand,855 bo fad: 
Milwaukee, Wis., 978 _ ib 
Ottawa, Ont., 855 
Parkersburg, W. Vas; 858 woh 
Philadelphia, Pa. 1099 
plumbing fixtures and, 173 a 
Pontefract, Eng., 1592 
Portland, Ore., 709 = 
requirements, 165 HOO 
San Francisco, 279 
Scotland, 1732 
sewage discharge and, 2833. 
Shanghai, 1727 
South Africa, 852 
Springfield, Mo., 837 


Stafford, Eng., 850 
Vancouver, B. C., 706 
waste and, 711 i blat 


Coolidge Dam; closure, 1730 
design and construction, 1245 
Cooling system; scale, identification, 
1238 
water; purification, 1238 
Copper; annealing, 1728 yell 
corrosion; 978, 1728 fe 
pitting ‘and, 1728 
protective film formation, 1101, 1728 
are from waste, iron filings and, 
98 
see Pipe; Services; Steel 
determination; iodometric, 
27 
Copper sulfate; fish and, 1729 
Copper sulfate treatment; algae and, 
274, 714, 844, 1101, 1115, 1249, 1440, 
1604, 1756 
application, motor boatland,{572 
Crustacea and, 1745 
Cyclops and, 854 
Daphnia and, 854 = 
in Pennsylvania, 1434 
Synedra and, 1257 
Synura and, 
water fleas and, 
Corn products; waste treatment, ‘er 
Corrosibility determination; appara- 
tus, 979 
loss of weight and, 979 
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Corrosion; coatings, protective; me- 

tallic, 979 
testing of, 979 

determination, loss in weight and, 
1423 

mechanism of, 858, 1423 

of metals; dissimilar, 1423 
impurities and, 979 

pitting, loose films and, 1423 

protection from, 1237 

protective film formation and; 1101 
hard water and, 1423 

resistant alloys, 1101 

rust, composition and volume, 1423 

theory; 1111 
electrolytic, 1237 

see Boiler corrosion; Books; Brass; 
Bronze; Cast iron; Coating; 
Condenser; Copper; Ice; Iron; 
Main; Pipe; Pump, centrifugal; 
Railroad; Steel; Wrought iron 

Corrosiveness; aeration and, 275, 864 

carbon dioxide and, 841, 1111 

causes, 577 

chalk and, 1726 

chlorination and, 723, 1111, 1427 


H-ion concentration and, 1603, 
1726 

lime and; 576, 858, 864, 1112, 1427, 
1603, 1726 


pH control, 841 
magnesium sulfate and, 1423 
oxygen and, 1102, 1423, 1603 
red water; coagulation and, alum 
vs. sodium aluminate, 864 
correction, pH and, 274, 1606 
dead ends and, 1606 
lime and, 577, 1102, 1606 
soda ash and; 576, 864, 1599, 1603 
combined with thiosulfate for 
dechlorination, 1745 
cost, 1603 
sodium hydroxide and; 1603 
cost and, 1603 
sodium silicate and, 1726 
see Boiler corrosion; Iron corrosion; 
Lead; Pipe; Railroad; ete. 
Council Bluffs, Ia.; algae, chlorina- 
tion and, 713 
reservoir, gumbo lining, 272 
Coventry, Eng.; water supply, 1412 
Crenothrix; iron and manganese 
removal and, 1420 
in pipe, cast iron; 579 
steel pipe and; comparison, 853 
removal, zeolite softening and, 156 
see Bacteria, iron 
Cresol; see Chlorination 
Cross-connections; application form, 
New Jersey, 1258 


— 
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check valve, double, 1746 
chlorination apparatus, automatic, 
156, 1256, 1746 
elimination, Baltimore, 725 se 
flushometer and, 1602 
menace of, 725 
New England Water Works Asso- 
ciation report, 1746 
plumbing fixtures and, 156 : 
prohibition; Indiana and, 1723 
New Jersey and, 1100 2 
typhoid; damage award and, 430 
epidemic and, 1723 2 
Crustacea; chlorination and, 1745 
copper sulfate and, 1745 ee 
Crystalite; see Softening > 
Curb cock; box; eliminating, 279 
locating, dip needle and, 166 
Current meter; Price, accuracy, 563 
Cyclops; carbon dioxide and, 1739 
chlorination and, 854 


copper sulfate and, 854 
see Crustacea 


Dairy; see Milk 
Dallas, Tex.; Garza dam construction, 
560 
Dam; arch; analysis, 155, 431 
design; 161, 433, 560 
Mesnager and Veyrie, 980 
high, load distribution, 161 
stresses; 161 
formulas, 161, 433 
backwater slope, computation, 708 
concrete; 1730 
arch; 434, 561 
brick faced, construction, 978 
constant angle, 1730 
construction, 560 
and gravity, 566 
contraction joints; 560, 1252 
sealing, asphaltic grouting 
wi and, 564 
failure, 982 
gravity; 708, 709, 837, 1732 
arched, 563, 840, 1255, 1730 
failure, 160, 280 seq., 708 
construction, 1734 
design; 560 
deficiencies, 708 
aggregate 


safety of, 281, 283 
hollow, buttressed, construction, 


and, 


multiple dome, design and con- 
struction, 1245, 1730 
veneering, value of, 1252 
construction, 1432, 1440. 1732 
débris openings, 563 


| 
on 
= 
4 
| 4 
= 


design, 1732 
earth; 568, 848, 1260, 1581, 1731 
height record, 709 
hydraulic fill; construction; 709 
slides and, 560 
design, 709 
masonry faced, lowering, 564 
and rock fill; 280, 710 
settlement and seepage, 710 
washout and repair, 1256 
rolled fill; failure, 1735 
washout, 560 
excavation and, water control, 563 
failures, 282, 710 
mene grouting, efficiency, 
09 
investigation; electrical method, 
1733 


explosion wave method, 1734 

gates, roller, 1250 
gravity, arched, analysis, 561 
leakage, asphalt grouting and, 159 
location, geology and, 990 
masonry; cyclopean, gravity sec- 

tion, 568 

raising, 992, 1736 

rubble, failure, 282 
models, interpretation, 154, 155 
overpour energy, dispersion, 154, 

155 


scour prevention; baffles and, 431 
bibliography, 560 
hydraulic jump and, 154 
notched sill and, 154 
spillway and, 155, 560 
spillway; capacity required, 841 
discharge measurement, 1097 
state regulation, 281, 708 
upward pressure and; 161, 432 
seam size and, 161 
Danville, Va.; corrosiveness, sodium 
hydroxide and, 1603 
_ Daphnia; carbon dioxide and, 1739 
chlorination and, 854 
copper sulfate and, 854 
gee Crustacea 
Deaeration; apparatus, 978 
see Boiler feed water treatment 
Decatur, Ill.; softening plant, 445 
water works financing, 568 
Dechlorination; see Books; Chlorina- 


tion 

Deerfield, Mich.; see Highland Park, 
Mich. 

Degasification; apparatus; 150 


Aquapur, 1110 
see Boiler feed water treatment; 


Deaeration; Gases, dissolved; 
Railroad 
Denver, Colo.} coagulation, sodium 
aluminate-alum, 719 


irrigation interests, litigation and, 
main leakage, 284 
storage yards, 1248 
water consumption and sewage dis- 
charge, 283 
see Amarillo 
Detroit, Mich; consumption, 707 
filtration; rate, high, 293 . $ 
sand and gravel data, 295 4 
mains; cast iron, breaks, 707, 840 


tapping machine, 839 


storage tanks, elevated, 707, 990 
swimming pools, 1591 
water quality, 294 
water supply; metropolitan district 
plan, 707 
system, 990, 1594 
Detroit Edison Co.; feed water treat- 
ment, 1424 
= River; tunnels, construction, 
Diablo Dam; see Seattle, Wash. 
— water-borne; Olean, N. Y., 
10 


Porto Rico, 850 
U.S.8. Melville, 571 


see Disease 
Diatom; chlorination and, 1593 
Dichloramine; see Chloramine 
Dimethylphenylenediamine; 
Chlorine, free, determination 
Disease, water-borne; liability and, 
1116, 1 
see Bilharzia; Cholera; Diarrhea; 
Dysentery; Enteritis; Gastritis; 
Gastroenteritis; Goiter; Schisto- 
somiasis; Typhoid; Vessel 
Distillation; see Boiler feed water 
treatment 
Distribution system; amalgamating 
two, 1745 
defects, sanitary, 273 
design, 272 
hydraulic gradient survey, 1256 
maintenance, cost, 279 
operation; intermittent, 581 
practice, 838 
see Emergency; Fire protection; 
Leakage; Main; Pipe; Pressure; 
Valuation; Valve; etc. 
Divining; see Water, ground 
Domestic Coke Corporation, Fair- 
mont, W. Va.; phenol recovery, 842 
Dominion Water Power and Recla- 
Service; annual report, 1925- 
Dover, N. H.; filter plant, 838 
gastritis lawsuit, 838 
Dresden, Ger.; manganese, 286 
meter testing, 1104 
‘ 


see 
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Engine, oil; see Pump, centrifugal 


Durban, S. Africa; water supply, 


Shongweni scheme, 147 - England; consumption, 1261, 1732 
Dutch East Indies; see Books Department of Scientific and In- 
Dye waste; sewage treatment and, dustrial Research, report, 1927-8, 

987 992, 1581 

treatment, 987 pollution; 992, 1245, 1581 
Dyeing waste; chlorination taste and, law and, 1729 

864 rainfall, 1589 
Dysentery; water-borne, damage regional water committees, 1597 

award, Pittsburg, Cal.,.716 rural supplies, 850, 1431, 1597 

see Great Britain 
Earth; moving equipment, 283 Enid, Okla. ; pollution, court decision, 


see Dam; Soil 716 Meh. 


East Bay Municipal Utility District; Enteritis; water-borne; 1586 Bsc 


Lafayette dam, reconstruction, re- Porto Rico and, 850 mi bees 

port, 1735 Eosin methylene blue agar; see 

Mokelumne; aqueduct; blowoffs, Bacteria, colon group; Bacterium 
1248, 1258 coli test 


shut off valves, 1248 Ergichlor; composition, 1421 
project; 158 sterilization and, 1421 Bitte 
progress, 1730 Erie, Pa.; consumption, 859 
x Pardee dam; construction, 1734 financing, 859 = | 
design, 560 etering, 859 
progress, 1730 ates, 859 
East London, S. Africa; water supply water cost, 859 


and filtration plant, 854 water quality, 859 
Eastport, Md.; typhoid epidemic water works report, annual, 859 
863 BY Essex Border Utilities Commission; 
water supply, 833 aes | filter plant, new; 986 

Economizer; 585 operating cost, 986 

see Railroad intake, ice and, 986 

Eijkmann; see Bacterium coli tes Europe; water consumption, 852 
Electric motor; see Pump,centrifugal; Evanston, IIl.; algae, turbidity addi- 


-_ Pumping station tion and, 1257 
Electrolysis; stray current; 1240 Evansville, Ind.; consumption, 1260 
bonding and, 1742 reservoir, new, 1 


water line, damage action, 1743 

water works improvements, 1260 
Evaporation; from soil, 856, 1098 

ery apparatus, continuous, 


apparatus, 445, 1420, 1426 Evaporator; 447, 583, 585, 717, 1109, 
cost, 1420, 1426 Eee 1750, 1751 

product, purity, 1420, 1426 distilled water purity, load and, 584 
see Boiler feed water treatment heat exchange and, 1421 
Elephant Butte Reservoir; siltation, operation, 443, 717 

431 scale removal, automatic, 448, 1249 
Elizabeth City, N. C.; chlorinated types; 717 

 copperas and, 1115, 1604 olden and Brooke surface, 717 
worms, midge fly and, 1604 modern, 583 

_ Elkton, Md.; phenol tastes, 864 Vickers-Armstrong flashing, 717 
water treatment, 864 _Extensions; see Financing 

Elmira, N. Y.; filter plant and its 


of water, apparatus, 444 
see Sterilization 
—Electro-osmosis; 1115 


operation, 1428 Feather River Power Co.; Bucks 
_ Emergency service ; 279, 838 Creek turbines, setting, 1259 
Endo; bile addition, 1240 Federal Water Service Co. ; activities, 
_ Engine, Diesel; jacket, scale preven- 1432 
tion, colloids and, 442, 443 Federation of German Boiler Inspec 


tion Societies; 7th meeting, 585 


see Pump 
Ferric; see Iron 


Engine, gas; see Pump 
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Ferrous; see Iron 
Filter gravel; 
1756 
practice, 1103 
see Filtration, rapid sand; Gravel 
ilter sand; grading, apparatus, 1757 
Ohio River, cost, 1757 
practice, 1103 
washer, 1756 
see Filtration, rapid sand; Sand 
Filtration; 1424 
algae and, 1593 
cleaning and, 1234 
color removal, 148 
controller and, 585 
funds for, vote and, publicity and, 
1584 
iodine and, 573, 1243 
in Pennsylvania, 1434 
plants; 148, 159, 445, 719, 837, 1733 
control, laboratory, 857 
maintenance, 295 
new, 569, 861, 1260 
operation, 445, 719, 725, 1234 
records, 1607 
rate regulation, automatic, 1737 
rough, 1725 
Tuns, microérganisms and, 854 
sisal waste pollution and, 1424 
theory, mathematical, 584 
see Army; Boiler feed water treat- 
ment; Infiltration; Iron removal; 
Manganese removal; Paper; 
Swimming pool; Tannery 
Filtration, double; cost, 1599 
plants, 844, 1099, 1599 ees 


grading apparatus, « 


value, 1588 
Filtration, pressure; extent employed, 


1589 
plants; 1599, 1757 
new, 575 
turbidity and, 842 
see Railroad; Swimming pool 
Filtration rapid sand; 445 che 
air binding; and, 1604 
sand depth and, 287 
valve stem, repacking and, 1604 
algae, prechlorination and, 1606 
Bollman type, 1583 
Bryozoa, prechlorination and, 1102 
cleaning, 295 
concrete disintegration, 1756 
cracking; 725 
bacterial growth and, 1606 
prechlorination and, 1606 
washing and, 1606 
efficiency; 1429, 1757 
re-wash and, 1604 
sand size and, 1757 
removal, washing and, 


effluent sight wells, 1757 
extent employed, 1589 
gas formation in; 858 
prechlorination and, 858 
gravel; cemented vs. bitumen- 
bound, 585 
data, 294 
layer, elimination, 273 
stone, broken, 175 
inversion ‘and, 1756 
hard spots; algae and, 1606 
bacterial growths and, 1606 
coagulation and, 1606 
prechlorination and, 1606 
removing, 1606 
stone, broken, vs. gravel, 
1756 
wash rate and, 1606 : 
head loss, recorders, 153 an 
loading; B. coli limit, 273 
studies, 726 
mud balls; 725 
algae and, 1606 
bacterial growths and, 1606 
coagulation and, 1606 BA 
eliminating, 296 
removing, methods, 1606 
wash rate and, 1606 
plants; 147, 444, 566, 713, 1105, 1261, 
1755, 1756, 1757 
cost, 855, 981, 1725, 1755 
design, 153, 159, 272, 273, 1586 
experimental, 563, 1428 
improved, 564 
miniature, for exhibit, 1584 
new, 156, 158, 159, 273, 285, 437, 
438, 568, 705, 711, 842, 844, 848, 
855, 976, 981, 986, 991, 1103, 
1255, 1260, 1584, 1586, 1587, 
1599, 1605, 1723, 1724, 1756 
operation; 159, 166, 986 
cost; 396 581, 855, 986 
prechlorination and, 1606 
over rate-capacity, 1246 
troubles, 153 
practice, 158 
rate; controllers, care of, 1606 
high; bacterial efficiency and, 294 
effluent eo and, 293 
runs and, 293 
runs; algae and; 857, 1249, 1604 
copper sulfate and, 
1756 
alkalinity adjustment, lime, soda 
ash or whiting and, 854, 1604, 
1745 
prechlorination and, 1115, 1249, 
1606 
re-wash and, 1604 | 
sand size and, 1249 © 
Synedra and, 1257 


and, 


1604, 
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wash, idle and, 
1604 
sand; algae removal from, 1249 
coatings; 712, 1757 
coal dust and, 858 mae 
composition, i757 
manganese and, 857 
data, 287, 294, 1429’ tibes 
theory, 712 
underdrains; 1724 
brass and bronze, failures, 565 
design; 1586 
new, 1587 
life, 1429 
monel metal, 566 baa 
wash; 725, 1260 tie) 
air-water, 712 gait 
loss of head and, 296 agisd) 
principle, 273 
rate; 1724, 1757 
high, value of, 1606 
sand loss; 725 
temperature and, 1757 
starting gradually following, and 
device for, 565 
trough design, 1586 
wasting following, value of, 712 
water; distribution, broken stone 
vs. gravel, 1756 
percentage; 859, 1429 
algae and, 1249 
prechlorination and, 1606 
pumps and their control, 437 
reclamation, 157, 713 
tank; concrete; leakage and, 
1756 
vs. steel, 1756 
high, 1724 
of waste waters, 1744 at 
Color; Railroad 
Filtration, slow sand; 445, 991 
extent employed, 1589 
failure, in Madras, 151 ett 
frost and, 424 
history, 844 
hydrogen sulfide formation and, 151 
plants; 838, 844, 855, 1099, 1105, 
1431, 1603 
cost, estimated, 1603 
operation, cost of, 581, 1603 
prefilter, coke, 1603 
rate; efficiency and, 851 
high vs. low, cost and efficiency, 
1603 
runs; 844, 1603 
algae and, 844 
iron and, aeration and, 1603 
sand data, 1603 
see Railroad 


Financing; 993 
condemned property awards, legal 
decision, 1743 
Erie, Pa., 859 
extensions; main, 429, 722 
plant, 429 
water "certificate vs. revenue bend, 
in Michigan, 1246 
investment, return and, legal deci- 
sion, 1743 
Madison, Wis., 
of meters, 707 i 
ownership, public vs. private; 722, 
1432 
parent corporations, 1433 
sales, increasing, 1104 


1245 


of services, 707 

sinking fund and, 713 hae Sst 

of supplies in Victoria, Australia, 
1588 


supply, new, local company, and, 
5 


water commissioner notes, legal 
status, 1743 

see Accounting; Filtration; Metro- 
politan district; Rates; Taxation ; 
Valuation; Ete. 

Fire hydrant; drain, clearing, 166 
grade changes, Mathews and, 166 
inspection, frequency, 166, 
practice, 838 
records, 166 
sampling from, contamination and, 

statistics, 1927, 157 

Fire insurance rates; water supply 
improvements and, 723 

Fire loss; damage action against 
water works, 1743 

Fire protection; pressure, high, sys- 
tem; 1253 

duplex, 1254 
storage, elevated and, 1248, 1428 
see Sprinkler system 

Fish; alkaline wastes and, 574 
calcium hypochlorite and, 1234 
9 waste and, dilution and, 

277 
chemicals, various, 1729 
chlorine and, 723 
copper sulfate and, 1729 
feces, B. coli and, 439 
gas and coke works’ waste and, 572, 

1418 
industrial wastes and, 286, 1234 
iron and steel works’ waste and, 
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lime and, 1234 
oil and, 853 st 
oxygen saturation and, 1729 _ 
paper waste and, 162 
phenol and, 1739 
poisoning, substances used, 1234 
pollution and, study and, 1729 
screen, electric, 1436 
sewage and, 286, 863, 1234, 1262, 
1582, 1729 
sisal waste and, 1424 
sulfite waste and, 1729 
Fishers Island, N. Y.; filter plant, 713 
water supply, 713 
Flat Rock; prechlorination, 295 
Flood; control; reservoir and; 1435 
power and, 1736 
storage and, 843 
slope correction and, 1250 
records, California, 562 
reservoir and, responsibility and, 
court decision, 840 
oe hydraulic laboratory and, 
1251 
Vermont, runoff and, 562 
water supply and, 424 
see Black River; Books; Missis- 
sippi; Po River; Thames River; 
Winooski River 
Florida; ground water conservation 
and practice, 1261 
waters, chemical character, 168 
Flow; determining, chart for conduits 


an channels 1258 4 
viscosit and, 584 
see Books tage 


Flume; concrete; failure, 1756 
vs. metal, 1756 
see Channel 
Fluorescence; determination, 986 
as index of quality, 986 
Fluoride; see Boiler scale 
Flushometer; see Water closet _ 
Forest; erosion and, 426, 1596 _ 
flow regulation and, 436 ite’ 
rainfall and runoff and, 164 © 
reforestation; 436 
conifers and, 1596 


see Waters 


mental plant, 1428 
Fort Madison Water Co.; sales, in- 
creasing, 1104 
F —o Ind.; services, practice, 
11 
typhoid; damage case, 430 
epidemic, 1723 


tion and cost, 1116 


water supply protection and, 1434 


gis. 
Fort Dodge, Ia. ; iron removal, experi-— 


Fort Worth, Tex.; pipeline construc- # 


sewage treatment, 719 
Frankfort, Ind.; sewage pollution, 
court decision, 570, 715 
Fredericksburg, Va.; filter; air bind- 
ing, remedies, 1604 
runs, coagulation and; 1604 
algae and, 1604 
sedimentation basins, cleaning, 1604 
Frogs; B. coli and, 1583 riemodt 
sisal waste and, 1424 
Froth; algae and,712 
Fungi; significance,451 


Galionella; iron and manganese re- 
moval and, 1420 
Garbage; reduction plant, 
treatment, 863 
Garza Dam; see Dallas 
Gas; leak detector, ‘“‘Cajo,” 1437 
Gas and Coke works; ammonia liquor; 
composition, 572 
phenol extraction, benzene and, 
1425, 1739 
ammonia still waste; chlorine ab- 
sorption and, 1758 
coke quenching and, 1759 
oxygen consumed and, 1758 
phenol recovery; as ammonium 
phenolate, 1759 
benzene extraction, 1759 
Koppers’ soda process, 1758 
seq. 
volume, 1759 
ammonium sulfate waste; composi- 
tion, 572 
evaporation, flue gas and, 983 
_ phenol recovery, benzene extrac- 
tion, 983 
_ treatment; Bailey process, 983 
biological, 983 
waste; coke quenching and, 438, 
842, 1580 
fish and, 572, 1418 
nature of, 983 
Ohio River interstate agreement 
aa and, 1580, 1759 
oxidation in polluted water, 847 
phenol; recovery, benzene extrac- 
tion, 842, 1580 


waste 


removal, in Great Lakes 
basin, 1099 
pollution, notification down- 


stream and, 1759 
treatment; 573, 983, 1107 

biological, 1739 

extent in Ohio River basin, 

1759 

a, with sewage, 573, 842, 847 

- volume, reducing, 573, 842 

_see Chlorination; Phenol 
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Gases, dissolved; determination and 

analysis, 985 

removal, aeration, 1116 

see Boiler water 

Gasoline; plant, water treatment, 
1238 

Gastritis; water and, lawsuit, Dover, 


Gastroenteritis; epidemic, cross-con- 
nection and, Fort Wayne, Ind., 1723 
Gatun Lake; diarrhea outbreak, 571 
Geneva Lake; pH, 985 
Geology; water supply and, 1430 
Geophone; pipe, locating and, 1440 
Germany; chlorination, 1738 
industrial waste regulations, 1741, 
1760 
see Association for Water Chemists; 
Federation of German Boiler 
Inspection Societies 
Geyser; Herlany, Hungary, theory of, 
1415 
Gibson Dam; analysis, 431 
upward pressure, 432 
Glasgow, Scotland; water supply, 711 
Glass wool; oil removal with, 152 
surface area, 152 
Glendale, O.; softening plant; 1757 
incrustation and, 1757 
Goiter; iodine and, 450, 573, 574, 575, 
846, 1237, 1238, 1430, 1728 


research, 1414 
water and; 988 Ee 


chlorination and, 988 
pollution and, 450, 575 
see Books 
Grand Canyon National Park, Ari- 
zona; activated sludge plant, 157 
water; cost, 1744 
reclamation, 1744 
supply, 157, 1744 
Grand Haven, Mich. ; filter plant, 159 
Grand Rapids, Mich.; filter; main- 
tenance, 295 
operation cost, 296 
Granville Dam; see Westfield, Mass. 
Gravel; washing, pollution preven- 
tion and, 275 
see Filter gravel 
Great Britain; consumption, 165, 1589 
pollution control, 570, 858, 1740 
water supplies, 1589 
see England; Scotland; Wales 
Great Lakes; Board of Engineers, 
organization, 570, 1098 
phenol waste elimination, 1099 
Great Northern Railway; Cascade 
tunnel, progress and construction, 
1257 intends 


Greensand; see Softening 
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Grosnatiin S. C.; earth dam, washout, 
60 


Greenville, Tenn.; chlorination taste, 
ammonia and, 1115 

Greenwich Water Co.; corrosiveness, 
soda ash and, 1599 
filtration plant, new, 437, 1260, 1599 
main, air testing, 1599 
water works system, 1599 

Grit chamber, 1723 

Ground; see Dam; Earth; Soil 

Grouting; of rock, seam size and, 161 
see Dam; Reservoir 

Guaiac resin; ferrous bicarbonate and, 
1234 
reaction of mineral waters, 1234 

Gumbo; see Reservoir 

Gunite; air pressure necessary, 559 


curing 
sand; loss, 559 
moisture and, 559 
sewers and, 567 
under water, 559 [ 
see Reservoir; Tank ase 
ewer 


Hagerstown, Md.; filter plant and 
intake, new; 1724 
cost, 1725 
leakage survey, 725 
Haiti; water supplies, quality, 165 
Halazone; stability, 1596 
sterilization and, 1596 
Hamburg, Ger.; chlorination, 1595 
filtration, algae and, 1593 
Hamilton Coke and Iron Co , Ohio; 
phenol recovery plant, 1758 
Hannibal, Mo.; mixing basins, 565 
Hardness; distribution, geographical, 
445 
protective film formation, 1423 
rainfall and, 147 
see Calcium carbonate; 
Silk; Softening; 
Hardness determination; 442, 1749 
Harrisburg, Pa.; cast iron pipe break, 


Iodine; 


Harvey, N. D.; water supply, 156 oa 


Hawaii; see Books 
Head; loss, recorders, 153 # 
Health; chlorination and, 723 


officer, responsibility for water 
quality, 1100 

see Chalybeate; Disease; State 
Board 


Heating systems; scale; formation, 
1747 
removal, Groeck method, 1747 
see Boiler; Hot water system; 
Steam 
Herlany, Hungary; geyser, 1415 
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Hetch Hetchy; see San Francisco 
Highland Park, Mich.; pumping 
equipment, new; and financing of, 
1246 
Highway; see Water supply 
Highwood, Mich.; see Highland Park, 
Mich. 
Hinghwa, China; cholera epidemic, 
849 
Hinsdale, IIl.; softening plant, 445 
Hobson, O.; New York Central plant, 
1744 
Holland; goiter research, 1414 
water supplies, 1741 
Water Supply Bureau, report, 1414 
Hornsey, Eng.; swimming pool water 
purification, 1422 
Hot water system; corrosion; 1603 
prevention, 1748 
see Boiler; Heating system 
Houston, Tex.; public school swim 
ming pools, 274 ase 
Hudson Bay; drainage, 714 
see Books H 
Huntington, W. Va.; Synedra; filter 
runs and, 1257 
turbidity addition and, 1257 
Hydrant; see Fire hydrant; Railroad 
Hydraulic jump; dam toe erosion and, 
154 


Hydraulic Society; see Books 
Hydraulics; research laboratories; 
571, 1251 
need of, 1251, 1252 
see Books, new 
Hydrochloric acid; germicidal action, 
dilution and, 276 
Hydroelectric plant; Canada and, 715 
new, 708, 1732 
Niagara Falls, 1601 
pumped-storage plants, 433 
on water supply lines, 981 
see Turbine; Waterwheel 
Hydrogen-ion concentration; applica- 
tions, 861 
chlorination and, 1427 
determination; 274, 275 
colorimetric; 438 
¥ apparatus, Rees, 111 
tee dilute solutions and, 988 
electrometric and, disagree- 
ment, 152 
spot plate and, 1593 
recorders, 1115 
diurnal variations, 147, 162, 984, 
1234 
explanation of, 274, 438, 861 
of lake water, 985 
significance, 1425 
see Bacteria; Bacterium coli test; 
- Boiler feed; Boiler corrosion; 


povee 


Carbon dioxide; Chlorination: 
Chlorine absorption; Coagulation: 
Color; Corrosiveness; Ice; Indus- 
trial wastes; Iron removal; Pipe; 
Pipe, iron; Railroad; Sewage 
treatment; Softening 
Hydrogen sulfide; decaying sludge in 
lake bottom and, 1741 
slow sand filtration and, 151 
see Chlorination 
Hydrology; see Books 
steel corrosion and, 
Hydrosan; see Soap 
Hypochlorite; chlorine, active, deter- 
mination, 150 
ion vs. hypochlorous acid, steriliza- 
tion and, 1437 
solution, alkali, excess, determina- 
tion, 843 
see Bleaching powder; Calcium 
_ hypochlorite; Chlorine, free, de- 
termination; Sodium hypochlo- 
rite; Swimming pool 
Hypochlorous acid; in chlorinated 
water, pH and, 1437 
vs. hypochlorite ion, sterilization 
and, 1437 


Ice manufacture; cores, prevention, 


plant corrosion, brine pH and, 1423 
water treatment and, 1753 
Illinois; stream pollution, 1262 
water supplies; 285, 431 
Dept. of Health and, 285, 431 
safe, marking, 562 
school, examination, 1100 
Illinois Central Railroad; water; 
stations, new, 1439 
treatment, value, 449 
Illinois River; pollution and purifica- 
tion study, 1438 
Sanitary District sewage and, 1262 
Imperial Irrigation District; canals; 
All-American, 1732 
desilting, 559 
silt transportation, 1600 
pipe and flume corrosion, 285 
India; water supply problems, 1596 
Indian Creek, Pa.; mine pollution 
case, 1434 Se 
Indiana; cross-connections, prohibi- 
tion, 1723 
pollution, court decision, 570 
Indianapolis Water Co.; valuation 
decision, 1433 
Indol; see Bacterium coli test 
Industrial waste; treatment; codpera- 
tive study, 986 


H and, 274, 438 
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see Acid; Books; Gas and coke 
works; Mine; Oil; Paper; Sisal; 
Sugar; Tannery; Etc. 
Infiltration gallery; 1233, 1431, 1584 
Intake; construction, cofferdam and, 


a and, flow, reversing and, 986 

new, 976, 990, 1724 

river bed protection, 1248 
water elevation variations and, 

1724 

lodine; filtration and, 573, 1243 
hardness and, relationship, 149 _ 
lime softening and, 573, 1243 
occurrence, in Nebraska, 1430 | 
see Goiter 

Iodine determination; 149, 1238, 1242, 


Fellenberg method; 149, 152 
 gaeeuracy, 153 

modified, 977 


in iodized salt, 1418 
Iowa State College; water purifica- 
tion plant, experimental, 1428 
Iron; recovery works, waste toxicity, 
74 


solution and precipitation, biologi- 
cal, 1419 
in water; as coagulant, 1602, 1604 
; concentration, high, instance of, 
_ ferrous; benzidine reaction and, 
1234 
guaiac resin and, 1234 
red worms and, 1603 
see Boiler corrosion; Cast iron; 
Chalybeate; Pipe; Wrought iron 
Iron chloride; see Chlorinated cop- 
peras; Coagulation; Color; Paper 
Iron corrosion; 1242, 1601 
carbon dioxide and, 979 
chromium addition and, 715 
hydrogen evolution, pH and, 1112 
hydrogen-ion concentration and, 
1242 
metal treatment and, 1602 => 
nickel addition and, 715 
oxygen and, 715, 979 vee 
— electric current and, 
1 


painc; coal tar, 1738 
lead and, 1737 
pigments and, 1422 
protective film and, 715, 1102 
rate, factors, 715 
silicon addition and, 715 
in soil, cinders and, 984 
theory, electrochemical, 1102 
seé Boiler; Cast iron; Condenser; 
Corrosion; Corrosiveness; Pipe; 


Railroad; Steel; Wrought iron as 


Iron determination; micro-volumet- 
ric, Knop method, 1242 
thiocyanate and; J419 

organic matter and, 1595 
see Sand 

Iron hydroxide; ferric, carbon dioxide 
adsorption, 715 
see Coagulation; Color 

Iron Mountain, Mich.; filter runs, 
microérganisms and, 854 

Iron removal; 977, 1424, 1753 

aeration and; 275, 857, 1603, 1741 


and filtration, 569, 1242 Pi 
pH and; 984 
charcoal, active, and, 1420 3 


filtration and, 445, 1741 
manganese dioxide and, 1420 
organisms and, 1420 
lime; softening and, 1755 
treatment and filtration, 561 
plant, experimental, 1428 
from small supplies, 1601 m; 
zeolite softening and, 1728 eZ 
Iron sulfate; recovery from iron 
waste, 444 447 
see Canning; Chlorinated copperas; 
Coagulation; Color; Sugar 
Iron sulfide; see Sand 
works boilers and con- 
ensers and, 447 
fish and, 1418 
iron recovery, 447 
Ironton, O.; Ohio River, coli 
content, 857 
Irrigation; pollution and, 429 — 
water; loss and; 288 PSE 
determination, 288 = 
rights and, 288 
use on federal projects, 1912-26, 
1098 
see Imperial Valley 
District 


Irrigation 


Jackson, Miss.; filter and pumping 
plant, 1255 
Japan; cholera problem, 1588 
ground waters, 1417 
Javel water; preparation and prop- 
erties, 982 
sterilization, dilution and, 276 
see Chlorination 
Jersey City, N. J.; meter practice, 
1247 
metering program, 1247) 
rates, 1247 
services, practice, 1247 
water bill as lien, 1247 


Johnsonburg, Pa.; typhoid outbreak, 
30 
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nance, 1725 
Kaporit; see Caporite 
Kenilworth, IIL; filter plant, new, 842 
Kennet River; hardness, rain and, 147 
Kentucky; phenol pollution preven- 
tion, 1580 
Keokuk Dam; spillway discharge 
measurements, 1097 
Key West, Fla.; ‘‘well hydrants,”’ 
841 
see Munroe Water Suppl 
King William’s Town, 
consumption, 85 
sewerage, 853 
water supply, 853 
Kirkwood, Mo. ; service outside town, 
court decision, 1429 
Knoxville, Tenn. ; consumption, 976 
curb cock box, abandonment, 279 
filter and pumping plant, new, 976 
intake, 976 
metering, 976 
“om blind, and new marker, 
279 
K6nigsberg, Ger.; Water works sys- 
tem, 1105 


District 
. Africa; 


Laboratory; California and, 561 
cost, 435 
filter plant control and, 857 
purification control and, 167, 435 
requirements, 295, 435 
water supply control and, 860 
see Hydraulics 
Lafayette Dam; see East Bay Utility 
District 
Lamotte Chemical Products Co.; 
pH control, pamphlet, 861 
Lancaster Cotton Mills; intake con- 
struction, 1252 
Lansing, Mich.; metering and meter 
practice, 1232 
water unaccounted for, 1232 
Laredo, Tex.; filter plant, 158 
Launceston, Tasmania; filter plant, 
148 
Laundry; fabric depreciation, soften- 
ing and, 839 
waste treatment; chlorinated cop- 


Iron and lime and filtration; and 
cost, 724 
water treatment; 586 


4 peras and filtration, 863 


Riv 26 


alum and filtration, 1744 


see Soap 


Lawrence, Mass.; Experimental Sta- 
tion, establishment, date, 573 
Leaburg Hydroelectric Development : 
McKenzie River dam, 431 
Lead; brittleness; factors, 984 
retarding, 984 
corrosion; electrolytic, 1240 
recrystallization and, 1240 
pipe fittings, lining with, 838 
concentration and, 845, 


pipe and, 845, 983 
eae zeolite softening and, 
1728 


solvency; 1111 
alkali treatment and, 1725 
carbon dioxide and, 845, 983 
chalk and, 991 
lime and, 575, 991 
limestone and, 991 
sodium bicarbonate and, 983 
see Pipe; Pipe, cast iron; Steel 
Lead hydrotite; see Pipe, cast iron 
Leadite; see Pipe, cast iron 
Leakage; locating, aquaphone and 
electric method, 166 
reducing; 837 
survey and, 837 
repairing, practice, 273 ai 
survey; pitometer, 725 
value of, 725, 857 
see Gas; Main; Pipe, cast iron; Pipe, 
steel 
Leather; see Bacillus, leather; Bacte- 
rium coli 
Leipzig, Ger.; well strainers, 711 
Lelean Sack Disinfector; 985, 1598 
Leptothrix; iron and manganese 
removal and, 1420 | 
Leroy, O.; softening; 1755 =~ 
incrustation and, 1755 
Levee; construction, 283,1251 
design, 283 
repairing, Chinese method, 284 
Lexington Water Power Co.; Saluda 
dam, progress and cost, 1731 
Light; see Chlorine absorption; Sun- 
light 
ay ; distillation waste treatment, 
1 
Lima, O.; alum dosage, carbonation 
and, 1756 
filter runs, algae and, copper sulfate 
and, 1756 
meter maintenance practice, 1580 
purification plant; 1756 
——_ proposed for softening, 


Lime; carbon dioxide determination, 
1239 


j Kansas City, Kans.; prechlorination 
Kansas City Public Service Co. 
Kansas Water Co.; meter mainte. 
“Fe 
* 
= | 


and, 1234 
moisture determination, 1239 
quick-, fineness and availability, 
436 
specifications. 1238 
Lime treatment; excess, sterilization 
and, 1115, 1425, 1755, 1757, 1758 
feed apparatus; automatic, 1424 
new, 1261 
hydrated lime, dry feed, 858 
arching and, 1756 
_ pebble; cores in, 1756 
cost, 1115 
plaster lime, efficiency, 858 
ees | quick lime, pulverized; 1755 
cost, 1756 
see Acidity; Algae; Boiler feed 
water treatment; Calcium car- 
bonate ; Carbon dioxide; Chemical 
feed; Coagulation; Color; Corro- 
siveness; Lead; Pipe; Railroad; 
Silicate; Softening 
Limestone; lead solvency correction 


and, 991 
see Concrete A 
Lioson Lake; pH, 985 fi 


Lisbon; rates, court case, 1429 ee 
Llandudno, Wales; water supply, 1422 
Loire Valley, France; ground water, 
1597 
London, Eng.; consumption, 165 
filter plant, Walton, 844, 1737 
main bursts, 861 
pipeline, cast iron, cost, 1259 
swimming pools, 845 
water supply, floods and frost, 424 
London and North Eastern Railway 
Co.; Annesley treatment plant, 
582, 1110 
London Power Co., Ltd.; pneumatic 
caisson failure, 561 
Los Angeles; Bureau of Power and 
Light, tunneling cross-sectioning 
_ Colorado aqueduct project, 705 
es _ metropolitan water district, pro- 
hes posed, 705 
ae St. Francis dam failure, 160, 280 seq. 
water supply data, 1233 
Los Angeles County; San Gabriel 
dam, 1255, 1730 
Louisiana; _ pollution, 


industrial 


coagulation basin cleaning, 1249 
filters, new, 285 
pumps, new, 285 
rainfall, heavy, 1257 
alterations, 1247 


bleaching powder and, 1250 


Lowellville, O.; pumping cost, 1757 

zeolite softening, plant and cost, 
1757 

— Fox River; pollution survey, 

Lynchburg, Va.; mechanical equip- 
ment, care of, 1606 

Lynn, Mass.; outfall sewer construc- 
tion, 1432 


Machinery; lining up, micrometer 
target and, 1259 
Madison, Wis.; administration and 
financing, 1245 
pipe, cast iron, 431 
water bill, average annual, 1245 
Madras, India; chlorination, 287 
filtration, slow sand, failure, 151 
water supply; 1596 
quality, 287 
vibrios and, 287 
Magnesium; determination; as pyro- 
phosphate, ignition in oxygen, 
volumetric, 442, 444 
see Boiler feed water treatment; 
Boiler scale; Railroad; Softening 
Magnesium carbonate; saturation 
equilibrium; 585 
determination, 585 
see Boiler feed water; Hardness 
Magnesium chloride; see Boiler cor- 
rosion 
Magnesium hydroxide; precipitation, 
pH and, 426 
saturated solution, pH, 426 
saturation equilibrium, 585 
solubility, 426 
Magnesium sulfate; see Corrosiveness 
Mahoning River; pollution, 857 
Mahoning Valley Sanitary District; 
Mineral Ridge dam, scour studies, 
560 


water supply project, financing and 
cost apportionment, 839 
Main; algae and protozoa growths in, 
14 


corrosion prevention, electric, 1428 
damage, liability and ; 1743 
fire department and, 1743 
easement, courtsand, 1742 
laying, practice, 273 aat(tes 
leakage; extent, 284, 837 
requirements, 837 
pumping, size, economic, 1725 
size, elevated storage and, 1248 uy 
sterilizing; 1429 


4 tapping, power machine for large, 
«839 
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wastes, 275 
Louisville, Ky.; algae; filter runs an 
1249 
turbidity addition 115, 1249 


valve, inserting under pressure, 
106 


see Distribution system; Electroly- 
sis; Financing; Pipe 
Mammoth Dam; failure, 710 
Manchester, Mass.; pumping station, 
1746 
Manganese; determination, Kolthoff 
incrustation and, 286 
Ohio River and, 857 — 
removal; 1234 bite 
aeration and, 275 
black sand and; chlorine and, 
979 
oxygen and oxidizing agents 
and, 979 
charcoal, active, and, 1420 
filtration, organisms and, 1420 
manganese dioxide and, 984, 1420 
zeolite softening and, 156, 1728 
sand coating and, 857 
o-tolidin and, 431 
Manhattan, N. Y.: public baths, 1591 
Manila, P. I.; consumption, 568, 848 
filter plant, 568, 848 
metering, 568 
Metropolitan District, supply ex- 
tension, 568, 848 
rates, 568 tobe: 
water unaccounted for, 568 | 
Mannington; iron removal, 857) 
water supply, new, 857 daar 
Mansfeld, Ger.; phenol treatment 
plant, 842 
Marble; carbon dioxide removal, 
1111, 1234 
see Calcium carbonate; Chalk; 
Whiting 
Marengo, Ill.; consumption, 706 
well supply, automatic control, 706 
Maricopa County Municipal Water 
Conservation District; Lake Pleas- 
ant dam; condition and repair of, 
1735 
spillway cut, 1735 
— O.; Ohio River water, pH, 
85 
Marston Lake, Colo.; filter plant, 719 
sodium aluminate-alum coagula- 
tion, 719 
Maryland; Bureau of Sanitary Engi- 
neering, report, 1928, 862 
State Dept. of Health, Engineering 
Bulletin No. 3, 165 
stream pollution, reducing, 863 
typhoid, 429, 863 
Water and Sewage Plant Operators’ 
Conference; Ist., 165 
2nd., 722 


Mason County, IIl.; school supplies, 


Massachusetts; borings and cost, 991 
lead poisoning, 845 
Metropolitan sewage system exten- 

sion, 1582 

McDonald, O.; softening, 1755 

McMillan Lake; silting, 434 

Meadow Lakes; water supply, 1736 

Mechanieville, N. Y.; water works 
improvements, 1233 

Medicine; see Books 

Medina, O.; filtration, softening and 
carbonation plant, 1755 

Medina Lake; silting, 155 

Meerane; well strainers, 711 

Memphis, Tenn.; rates, court case, 
1429 

Menasha, Wis.; filter plant, new, 861, 
1584 


Meter; 584 
accuracy, 284 . 
detector, for sprinkler connections, 


financing, 707 

flow, Grefe, 1426 

head loss and, 1742 

installation, time required, 1247 

magnetic clutch gulp, indicating 
and recording, 273 

ownership, municipal, advantages, 
1103 

pit, uncovered, damage liability 
and, 1742 

practice, 848, 1232, 1247, 1253, 1580, 
1725 


records, 848, 1725 tod 
size, practice, 279 
statistics, 1927, 157 Sa 
testing; apparatus, Clark, 1436 
in place, 1104 
two, on large services, 1232 vdnat 
Meter reading; frequency, 567 
men, repairs by, 848 sida 
Metering; Akron, O., 837 oy 
Belmont, Mass., 567 
Colorado Springs, Colo., 982 
consumption and, 855 
Erie, Pa., 859 
Jersey City program, 1247 
ansing, Mich., 
Manila, L., 568 
New York City, 1253 © Ones 
Ottawa, Ont., 855 
Portland, Ore., 709 
Spring Valley Water Co., 279 
Springfield, Mass., 838 
Springfield, Mo., 837 


ES: 


Methyl orange; see Chlorine, free, 
determination 
Metropolitan districts; advantages, 
723 
California Act, 706 
see Baltimore County; Boston; 
Detroit; Los Angeles; Mahoning; 
Manila; Massachusetts; North 
Jersey; Saxony; Vancouver 
Mexborough, Eng.; water softening, 
1106, 1110 
Mexico, Gulf; see Books 
Mianus River; salt water pollution, 
dam and, 1440 
Michigan; bonded indebtedness, mu- 
nicipal, limit, 1246 
Conference on Water Purification, 
2nd., 293 
extension financing, water certifi- 
eate vs. revenue bond, 1246 
_ roadside supplies, quality and mark- 
ing, 565 
Microscopic organisms; 274 
carbon dioxide and, 1739 
quality indicators, 450, 1741 
in streams, factors, 1594 
see Algae; Books; Bryozoa; Coagu- 
lation ; Copper sulfate ; Crustacea ; 
Filtration; Plankton; Protozoa; 
Reservoir; Synedra; Synura; 
Taste and odor; Etc. 
Midge fly; see Chironomus 
Milk; dairy waste; dilution required, 
1582 
treatment methods, 1582 
Milwaukee, Wis.; consumption, 978 
phenol waste, treatment with 
sewage, 847 
Riverside pumping station, 704 
sewage disposal, 297 
water supply extension study, 978 
Mine; waste; acid; 292, 857 
neutralization, 292 
active and abandoned mines and, 
292, 436 
filter sand coating with dust and, 
858 
ground water pollution, injunc- 
tion and, 1585 
Indian Creek case, 1434 
iron, form of in, 437 
oxygen dissolved content, 437 
reducing, sealing abandoned 
if mines and, 292, 437 
treatment; 1434 
Kaplan-Reger process, 1586 
waters, characteristics, 1245 
Mineral content; see Spring; Water 
analysis; Water, mineral 
Mineral Ridge Dam; see Mahoning 
Valley Sanitary District 
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Minneapolis, Minn.; filter strainer 
plate failures, 565 
pneumatic conveyor, 

problems, 708 

Minnesota; wells, air lift, 1103 

ground water resources, 
1410 


operating 


Mississippi River; flood prevention; 


Atchafalaya crevasses, 283 she 

Bonnet Carré spillway, 1736 | 

construction methods, 1251 af. 

cost, 1251 

Cypress Creek diversion, 283 

Jadwin plan; approval of, 982 

and Commission plan, com- 
parison, 983 

Jones-Reid bill, 283 

Mound Landing crevasse, 283 

slope correction and, 283 
sediments, their carriage and de- 

position, 1251 


see Books 
Missouri: see Books 
Missouri Pacific Railroad; water 


treatment; 444 
lants, 155 
Mixing; 1599 
air, compressed, 1244, 1755, 1757 
basin; 293, 445, 585, 842, 1755 
baffled; 153, 565, 843, 981, 1260, 
1604, 1724, 1756, 1757 
circular, 158, 562 
design, 1430 
hydraulic jump and, 565 
mechanical ; 160, 437, 719, 843, 1104, 
1115, 1256, 1261, 1441, 1724, 1755, 
1756 
vs. gravity, 159 
pump and, 1604, 1605 
static, perforated diaphragms, 1256 
Mokelumne River; see East Bay 
Water Co. 
Moldau River; fauna, 1594 
Monel metal; filter strainer plates, 


Monochloramine; see Chloramine 

Monongahela River; mine waste 
pollution, 857 

Monroe, La.; filter plant, new, 1103 
oil well pollution, 1104 

Montana; see Books 

Montana Power Co.; Black Eagle 
Falls plant, 708 

Montreal, Que.; company system, 

incorporating, 1745 

filtration; 1599 


can 
& 
: 
ow 
McTavish pumping station, 174 = © 
[organtown, W. Va.; phenol pollu- 


Moscow, Russia; water supply, 151 

Mosquito; paper waste and, 162 

Mount Airy, N. C.; filter plant, new; 
438, 981, 1260 

cost, 981 

Mount Union, Pa.; dam construction, 
563 

Munroe Water Supply District; sup- 
ply, proposed, 841 

Mussel; see Pipe 


Nacogdoches, Tex.; uncovered reser- 
voir, contamination and, 992 
a-Naphthoflavone; see Chlorine, free, 
determination 
Nashville, Tenn.; filter plant, new, 
1723 
Nassau, Bahama Islands; new water 
works and softening plant, 1232 
National Sand and Gravel Associa- 
tion; filter sand and gravel study, 
1103 
Natrolith; see Softening 
Nebraska; goiter, 1430 
iodine survey, 1430 
Neponset River; pollution, 1582 
Nessler; reagent preparation, 1241 
tubes, new, and colorimeter, 861 
Netherland East Indies; quickened 
slow sand filtration, 851 
New Bethlehem, Pa.; filtration plant, 
early, 1434 
New Brunswick, Can.; drainage, 714 
New England; rainfall, 579, 1600, 
1746 
New England Power Association; 
Fifteen Mile Falls development, 
foundation study, 1734 
New England Water Works Associa- 
tion; cement lined pipe, committee 
report, 1110 
cross-connections, committee re- 
port, 1746 
New Haven; harbor, bathing beaches, 
pollution, 849 
New Haven, Conn.; ground water, 
1411 
New Haven Water Co.; new water 
supply, 1245 
New Jersey; cross-connections; ap- 
plication form, 1258 
prohibition of, 1100 
dams, state law and, 708 
paper waste treatment, 1242 
State of Health, oxygen de- 
mand determination, 
surface waters, quality, 147, 168 
New Orleans, La.; filter plant and 
pumping station, new, 705 


flood protection; 283 
Bonnet Carré spillway and, 1736 

rainfall, heavy, 1257 

New Richmond, O.; filter and soften- 
ing plant, 1757 

New Rochelle, N. Y.; cyclops and 
daphnia troubles, 854 
for adjusting alkalinity, 


New York Central Railroad; Hobson, 
O., plant, 1744 
New York City; Boyds Corners dam, 
lowering, 564, 978, 1258 
electrolysis, 1742 
high pressure system, 1253 
hydraulic gradient surveys, 1256 
meter practice, 1253 
metering, 1253 
pipe, steel, pits, welding, 1742 
rates, 1253 
typhoid, 1598 
water supply extensions, 1731 
New York Edison Co.; East River 
station, data, 1254 
New York State; Canners, Inc., waste 
treatment studies, 851 
cross-connections, automatic chlo- 
rination and, 156 
interstate carriers, water, inspec- 
tion, 428 
swimming pool regulations, 569 
Newport, Eng.; new water supply 
scheme, 1419 
Newport News, Va.; filter operating 
cost, 1606 
prechlorination, value, 1606 
water supply, 1605 
Niagara Falls, Ont.; standpipe ca- 
pacity, increasing, 160 
Niagara River; falls; changes, pro- 
posed, 1736 
power plants, 1601 
regulation, 1601 
Niles, O.; see Mahoning Valley Sani- 
tary District 
Nitrate; pollution and, 1438 
Nitrite determination; Griess, stable 
standards, 1420 
Griess-Ilosvay, 275 
Nitrogen; diurnal variations, 1234 
Norfolk, Va.; corrosiveness, lime and, 
1603, 1606 
prechlorination 1606 
North American Water Corporation; 
activities, 1432 
North Carolina; waters, quality, 444 
North Dakota; artesian water, con- 
servation, 156 
round supplies, obtaining, 156 
tate Water Geologist’s report, 157 
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1250 
Metcalf and Eddy report, 1250 
steel pipe specifications, 1250 


North Platte Irrigation Project; 
Whalen dam, sand control works, 
705 


Northern States Power Co.; Chip- 
pewa plant, 1732 

Nova Scotia, Can.; drainage, 714 

Novaliches Dam; 568 

Nuneaton, Eng.; water supply, 1412 


Oakland, Cal.; see East Bay Munici- 
pal Utility District 
Odor; removal, aeration and, 275, 


1244. 
see Taste and odor 
Ohio; Canners Association, waste 


treatment studies, 851 
phenol pollution prevention, 1580 
_ water purification; conference, 8th, 
1755 


problems, 857 
Ohio River; basin, phenol waste 
treatment, extent, 1759 
manganese and, 857 
pollution; 857 
phenol, interstate 
"1580, 1759 
_purification study, 1438 
purification, natural, 427, 428 
Ohio Valley Water Co.; Bellevue, Pa., 
zeolite filter plant, 156 
Oil; corrosiveness, D. O. C. test, 277 
_ determination, 152 
films; oxygen absorption and, 853 
spread, checking, 853 
pollution; fish and, 853 ) 
plants, fresh water, and, 853 
removal; 1235 ) 
plant, 1740 
os separators and filtration, 152 
well, pollution and; 275, 429, 1104 
reducing, 275 
_ see Boiler feed water; Boiler feed 
; water treatment; Boiler water 
Oklahoma; water works school, ac- 
complishments, 272 
Oklahoma City, Okla.; excess lime 
sterilization, 1758 
softening plant, 445 
Olean, N. Y.; typhoid epidemic, 
water borne; 1099, 1102 
damage costs, 1099, 1103 
Oneonta; reforestation, 436 
Ontario, Can.; water supplies and 
sewerage systems, 1589 


agreement, 


Oregon; goiter; 575 
chlorination and, 988 


see Books 
Organic matter; determination; bio- 
chemical tests, 848 
dichromate vs. permanganate, 163 
oxygen consumed vs. chlorine 
absorption, 286 
oxidation methods, 1425 
small lakes and, 1243 
see Chlorination; Chlorine absorp- 
tion; Coagulation; Oxygen con- 
sumed; Oxygen demand; Potas- 
sium permanganate 
Sy circular, discharge, head and, 


O’Shaughnessy Dam; see Columbus, 
O. 

Ottawa, Ont.; chlorination, cost, 855 
consumption, 855 
filter plant, proposed; 855 = 


exhibit and, 1584 
metering, 855 


Owyhee Dam; design, 566 
Oxyacetylene; see Cast iron 
Oxygen consumed; ammonia still 
waste and, 1758 
chlorine absorption and, compari- 
son, 286, 1419, 1590 
oxygen demand and, relationship, 
141 
permanganate 
value, 163 
phenol and, 1758 
see Organic matter 
Oxygen demand; ammonia and, corre- 
lation, 988, 1438 
bacteria and, relationship, 1438 
chlorine absorption and, relation- 


dichromate, 


ship, 1419 
determination; 163 
equipment, 861 


factors influencing, 425 
permolybdate and, 149 
oxygen consumed and, relation- 
ship, 1419 
plankton and, correlation, 988 _ 
sisal waste and, 1424 
of various substances, 1743 
Oxygen dissolved; absorption from 
atmosphere; 985 
oil films and, 853 
algae and, 1593 
depth and, 1741 on 
determination; 442, 1112 _ 
Miller, modified, 1753 
Miller-Linossier, modified, 148 
Romijn, accuracy, 1729 
sampling and, 1749 bars 
1720. 
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Thresh, modified, and accuracy, 


precautions, 148 
diurnal variations, 147, 162, 163, 
984, 1234, 1593 
plant life and, 984 
rainfall and, 988 noiltabizu 
removal, 1110 
temperature and, 985 
see Aeration; Boiler feed water 
treatment; Boiler corrosion; Chi- 
ronomus; Corrosiveness; Deaera- 
tion; Fish ; Gases; Iron corrosion; 
Manganese removal; Mine; Pipe 
corrosion; Pipe, iron; Railroad 
Oyster; pollution studies, 864 
see Shellfish 
Ozone; generation, 150 fan 
treatment; 445, 1738 ratift 
sea water sterilization and, 1598 
shellfish and, 1598 
uses, 150 
see Sterilization 


Pacific Coast Electrical Association; 
boiler and condensing water, com- 
mittee report, 1750 

Pacific Gas and Electric Co.; boiler 
feed, treatment, pH control, 1750 
circulating water intake construc- 

tion, 284, 1250 
wrought iron penstock, old, 1252 

Paint; film permeability, determina- 
tion, 146 
non-chlorine-absorbing, 846 
protective, 584 
waste; sewage treatment and, 987 

treatment, 987 
see Coating; Iron corrosion; Pipe 
coating; Tank 

Pantograph; see Tunnel 

Paper manufacture; sulfite liquor, 
treatment, ferric chloride and lime, 


waste; decolorization, 162 
fish and, 162 
germicidal effects, 162 
pollution, effects, 162 
sulfite, fish and, 1729 
treatment; 275, 857, 1242, 1418 
alum and lime, 863 
ferric chloride, 863 
sedimentation and filtration, 
987 
utilization, 861, 983 
water treatment, zeolite, economy 
and, 1418 
white water treatment, 584, 1242 


Pardee Dam; see East Bay Municipal 
Utility District 

Paris, France; swimming pools, 846 

eyes W. Va.; consumption, 


water quality, 858 
water supply system, new, 858 
Pecos River; flow, 


water quality, 168 
see McMillan Lake ee 
Penick Lake; siltation, 433 


Pennsylvania; acid mine waste, 292. 
pulp and paper waste disposal, 1242 
Sanitary Water Board, activities, 

1432 
State Board of Health, 
analysis methods, 157 
stream pollution; 1434 
legislation proposed, 1435 
phenol, elimination, 1580 
swimming pool owners’ association, 
425 


water 


water companies; consolidation, 
1433, 1435 
court decisions, 1433 

water purification, history and 
status, 1434 


water supplies, highway, protect- 
ing, 1098 
water works ownership; holding 
companies, 1432 
municipal, 1433, 1435 
watershed, recreational use, 1433 
Pennsylvania Railroad; typhoid dam- 
age case, Fort Wayne, 430 
Pennsylvania Water Co.; cast iron 
pipe, foundry inspection, 977 
Permutit; see Softening 
Phenol; adsorption from water, 842 
decomposition in water, biochemi- 
eal, 1110 
determination; 1105 
Folin and Wu, accuracy, 1418 
Gibbs; 1100 


sensitivity, 1101 lows 
Vorce, 1418 ber 
fish and, 1739 fl 
germicidal power, 847 aw 


oxygen consumed value, 1758 

as pollution index, 1101 

removal, charcoal and, 844 

in sewage, domestic, 1101 

see Chlorination; Gas and coke 

works; Taste and odor 

Philadelphia, Pa.; consumption, 1099 

meters, 1103 

pollution, taste and, court decision, 


swimming pools, 1591 ree 


water supply system, 1099 
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Philadelphia Suburban Water Co.; 
activities, 1432 ¢ 
Phosphate; see Boiler corrosion; 
Boiler feed water treatment; Boiler 
scale 
Phosphate determination; colorime- 
tric, 1750 
Deniges’ method, 1594 
Phytomonas aerogenes; 
~ failure, typhoid epidemic and, 
11 
jncrustation; 1753 
Crenothrix and, 579 
manganese and, 286 
mussels and, 
laid in 1927, statistics, 157 
line; construction; 979, 1233 
corrosion, soil survey and 
167 
jacking through fill, 707 
hammer, relief valves and, 166 
maintenance, 979 
testing, air pressure and, 1599 
locating; electrical apparatus, 166 
geophone and, 1440 
leak locator and, 1440 
transmittophone and, 1440 
repairing, cement and, 277 
welding, oxyacetylene, ‘“‘procedure 
control,’’ 1745 
see Aqueduct; Conduit; Flume 
Pipe, brass; railroad service lines, 287 
Pipe, cast iron; American and French, 
tests, 1237 
centrifugal; economy, 567 
strength, 1727 


in water, 


Hu flag 


+97 


cleaning, 1726 
coating, tar, 579 Bro 
corrosion, pH and, 1726 


expansion coefficient, 1240 
failures; concrete cradles and, 1726 
corrosion, soil and, 861 
_ foundation weakness and, 861, 
977, 1726 
= foundry inspection and, 977 
joints, lead vs. rigid, and, 861 


Pe large size and, 707, 840 
and, 861, 977 

water temperature and, 861 
fittings, flaws and, 1237 
joints; cement, 279 

lead hydrotite, 567 

leadite, 567 
_Mmetal, 100%, 481 
line; construction; 1116, 1259 

cost, 1116, 1259 

leakage specifications, 977 

testing, hydrostatic, 977, 1259 
railroad service lines and, 287 


oxygen and, 984 


factory? 431 
tuberculation; 578 
carrying capacity and, 578 iced 
see Books; Cast iron; Crenothrix; 
Iron; Pipe, cement-lined; Pipe 
coating; Pipe corrosion; Pipe, 
iron; Services 
Pipe, cement-lined; 1110, 1439 
tuberculation prevention and, 567, 
578, 1102 
see Services 
Pipe coating; bituminous, 1439 
deposition, treatment for, 
1753 
natural and artificial, 577 
paints, 1439 
see Calcium carbonate; Coating; 
Corrosion; Paint; Pipe, cast iron; 
Pipe, cement-lined; Pipe, con- 
crete; Pipe, galvanized; Pipe, 
iron; Pipe, steel; Pipe, wrought 
iron; Services 
Pipe, concrete; centrifugal; manu- 
facture, 1428, 1745 
pipeline and cost, 1428 
waterproofing, asphalt and, 1745 
impermeability, improving, 576 
life, 1425 
peaty soils and, 576 
see Concrete; Pipe, sewer 
Pipe, copper; health and, 1244 
railroad service lines, 287 
see Copper; Services 
Pipe corrosion; 1237 


1241, 


air and, 288 
failure and, 285 
oxygen and, 285 


protection, chemical, 584 
rust removal, acid and inhibitor, 
1 


silt and, 285 
soil, encasing in concrete and, 862 
see Corrosion; Corrosiveness; Elec- 
trolysis; Iron corrosion; Main; 
Pipe, cast iron; Pipe, cement- 
lined; Pipe, iron; Pipe, steel; Pipe, 
wrought iron 
Pipe flow; see Books; Flow 
Pipe, galvanized; railroad service 
lines, 287 
see Services 
Pipe, iron; coating, bitumen-cotton, 
corrosion and electrically resistant, 


corrosion; carbon dioxide, pH and 
forms of, 579 OB bre 


4 


sand-cast and sand-spun, lead and 
leadite joints, laying costs, 1244 a 
specifications, A.W.W.A.,  satis- 
a 
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railroad service lines, 287 

see Corrosion; Iron; Pipe, cast 
iron; Pipe corrosion; Pipe, steel; 
Pipe, wrought iron; Services 


Pipe, lead; railroad service lines, 287 


see Lead; Services 


Ba sewer; lining, glazed vitrified 


tile, 279 
ipe, steel; coating; bitumen-cotton, 
corrosion and electrically resistant, 
576 

bituminous, 862 

coal tar; base enamel, 167 

pitch varnish, 843 

corrosion; H-ion concentration 

and, 1726 

lime-soda treatment and, 576 


ing, 1742 
soil, survey and, 989 
electrolysis; 1423 
pitting and, 1742 
encasing in concrete, 1251 H 


line; blowoffs, 1248, 1258 


shutoff valves, automatic, 1248 
welded; 158, 843 
are, construction and river 
crossing, 12610 
construction, 167 | 


lining with cement, 1251 pout 


railroad services lines, 27 
specifications; 1250 
leakage and, 1250 


testing, hydraulic, 843, 1250 


weld, overlap, efficiency; 1254 


plate thickness and, 1254 


Corrosion; Crenothrix; Pipe 


coating; Pipe corrosion; Steel; 
Weld 


Pipe, wood; and iron, connecting, 
982 


life, 1432 
line; old, 982 
valley crossing, 576 


Pipe, wrought iron; coating; asphalt- 


tar, 284 
petroleum, 1252 

corrosion, lime and soda treatment 
and, 576 

electrolysis and, 1423 

galvanized, railroad service lines, 
287 


service, long, 284 


tuberculation, 284” 


see Corrosion: Iron: Pipe corro- 
sion: Pipe iron: Services: Wrought 
iron 


Piqua, O.; concrete flume failure, 1756 


filter and softening plant, 1261 
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sand incrustation, removing with 
carbon dioxide serubber water, 
1756 
softening, excess lime, 445, 1261 
Pitometer; see Leakage 
Pittsburg, Cal.; typhoid damage 
case, 716 
Pittsburgh, Pa.; Brilliant pumping 
station study, 1432 
typhoid, 1431, 1432 
water purification, history, 1431 
seq. 
Plankton; oxygen demand and, cor. 
relation, 988 
pollutional forms, reduction, 1438 
see Algae; Microscopic organisms 
Pleasant Lake Dam; see Maricopa 
County Municipal Water Conser- 
vation District 
Pleasant Valley Dam; see Price River 
Water Conservation District 
_ Plumbing; code, Texas, 860 
fixtures, cross connections and, 156 
leakage, locating, aquaphone and, 
166 


maintenance cost, water treatment 
and, 839 
see Water closet 
Plumbo-solvency; see Lead 
Po River; flood control works, 279 
Pollution: 1245, 1261 
estimating methods, chemical vs. 
biological, 163, 848 
goiter and, 450 aot 
indicators; bacteriophage, 855 
color, 986 
fluorescence, 986 
iron bacteria and, 163 ae 
organisms, 451, 1741 > a 


phenol, 1101 

sulfur bacteria, 163) 
nitrate and, 1438 4 
research, 992 @ 


see Bacteria; nate Fish; 
Oxygen demand; Purification; 
Sanitary survey; Watershed 
Pollution, industrial waste; 1418 
abattoir, dangers, 162 
bibliography, 1753 
boiler feed and, 444, 1753 
control; 1753 
catchment area boards and, 853 
law and; 1729 
Germany and, 1741, 1760 
dyeing, chlorination taste and, 864 
gas works, 572 
in Illinois, 1262 
iron; boiler feed and, 447 
recovery, toxicity, 574 G 
irrigation and, 429 


> 
I 
4 
~ 
by electric w 
a 
& 
= i 
an 
= 


Louisiana and, 275 
mine; acid, 292, 857 
coal dust on ‘filter sand, 858 
ground water and, injunction 
and, 1585 
Indian Creek case, 1434 
oil; films; oxygen absorption and, 
853 


plants, fresh water, and, 853 
853 
ships and, 
well, 275, 1104 
paper ‘manufacture and, 162, 1418 
phenol, Ohio River, interstate 
agreement, 1580 
problem, codperative treatment, 
573 
sisal, 1424 
sugar, 162, 574 
taste producing, court decision, 
1434 
tin recovery, toxicity, 574 
Worcestershire, Eng., 572 
see Books; Fish; Industrial wastes 
Pollution, stream: 424 
control; 863, 988 
catchment area boards and, 853, 
1740 
in Great Britain, 570, 858, 992, 
1581, 1729, 1740 
% sampling, routine, and, 863 
’ court decisions, 570, 715, 716, 1433 
in Illinois, 1262 
legislation and, Pennsylvania and, 
1435 
odors, sodium nitrate addition and, 
988 


ss prevention, 163, 726, 1418, 1433 
tel reservoirs and, 1435, 1438 
salt, tide and, dam and, 1440 
standards, 1418 wit 
Worcestershire, Eng., 572 
see Books; Fish; Great Lakes’ 
Pontefract, Eng.; consumption, 1592 
bes water works, 1592 
Port Erin; beach, ‘black layer,’’ 1426 
em, Portland, ‘Ore. ; ; Bull Run dam; aggre- 
7 gate cleaning, 278 
data, 709 
consumption, 709 
rates, 709 
water supply, 709 
_ Porto Rico; diarrhea and enteritis, 
water supplies and, 850 
rainfall, heavy, 1258 
Portsmouth, O.; chlorination taste, 
lime treatment substitution, 1755 
lime treatment, pulverized quick 
lime and, 1755 


reservoir, new, 1735 
sand washer and gravel grader, ; 
1756 
steel tower, 1736 
Potassium permanganate; treatment, 


see Chlorination; Oxygenconsumed 
Power; plant, corrosion — ay 
1752, 1753 
see Hydro-electric; Steam 
Creek; pollution, court case, 
5 
Pressure; fire, practice, 706 ee 
low, areas, hydraulic gradient sur- 
veys, 1256 x 
practice, 706, 982, 1247 
otoea®, elevated, and, 1259, 1428, 
5 


see Fire protection = 
Price River Water Conservation Dis- — 
trict; Pleasant Lake dam; data, 710 a 
washout and repair, 1256 = 
Prince Edward Island, Can.; drain- 


age, 714 
Princes Risborough, Eng.; water 
supply, ‘“‘Bruston” system, 1238 


Pretepeei in main under pressure, 

421 

Providence, R. I.; typhoid, 1598 

Public relations; 1433, 1435 

Public service commissions; author- | 
ity of, 1743 

Publicity; filter exhibit prior to vote, __ 
1584 


sales, increasing by, 1104 
see Advertisement 
Puentes Dam; failure, 282 : 
Puget Sound; bog waters; acidity, 151 — 
gaseous content, 147 
Pump; control; automatic, 448 
remote, 706 
data, ‘standards’ pamphlet, 860 
drive; Diesel, economy and, 1105 _ 
waterwheel, old, 1254 
history, 992 
requirements, 992 
sampling; all-metal, 1244 
leather packing, contamination 
and, 1244 
selection; 1246, 1429 
trend, 1260 
service, ’ record, 1254 
specifications, sanitary, 726 aR 
statistics, 1927, 157 
vertical triplex, drive; 
1746 
producer gas engine, 1746 
see Bearing; Boiler feed water: 
Books; Machinery; Well 


electric, 
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Pump, air lift; see Well 
- Pump, centrifugal; advantages, 430 
data, ‘‘standards pamphlet,’’ 860 
corrosion, causes and prevention, 


9 
drive; motor; 976, 1111, 1246 
gontrol; automatic, 1247 
remote, 1111 
efficiency, 976 
synchronous,705 
oil engine, 1440 sox 
selection, 1260 
turbine; 1731 
steam, 704, 976, 1104 
hammer, minimizing, 166, 167 
priming, ejector and, 166 
theory, 154 
see Well 
Pumping cost; Lowellville, 1757 
Pumping engine; vertical, triple-ex- 
pansion; 704 
efficiency, world record, 705 
first installation, 705 7 


service, long, 705 
Pumping station; 1431, 1727, 
eapacity; record, 1254 


consumption, 859 
eontrol, automatic, by main pres- 
sure, 710 

drive; electric; advantages, 1429 

automatic, new principle, 
1726 
motor selection, 1429 
power, purchased vs. gener- 
ated, 1432 
selection, 1429 
standby: gasoline engine, 1246 
steam, 1255 

fire system, drive, electric, power 
supply and, 1254 

first in United States, 1434 

improvements, 1260 

low lift, control, remote, 437 

new, 158, 159, 160, 437, 705, 710, 976, 
1233, 1255, 1260, 1586, 1726, 1745 

operation, elevated storage and, 
1248, 1428 

rehabilitated vs. new, 1432 

river stage variations, providing 
for, 1586 

Purification; 277, 297, 586, 860 

cost, —— and, 273 

data, large cities in United States, 
1923, 571 

industrial supplies and, 1235, 1243 

plants; design; 585 

experimental plant and, 1428 
trends, 1115 


required, estimating, 1246 


operation; 585. 
control, laboratory, 167, 435 
progress, 1255, 1599 


trends, 1115 
typhoid and, 856, 1598 
see Boiler feed water treatment; 
Chlorination; Filtration; Gaso- 
line; Railroad; Softening; Sterili- 
zation; Storage; Treatment; Etc. 
Pymatuning; reservoir project, 1435 


self, 427, 428, 572, 1438 >a 4 


Querfert-Freyburger; ground water, 
1415 


Quincy, Mass.; elevated tank, lower- 
ing, 


Railroad boiler corrosion; causes, 
1747 
investigation, 1440 
prevention; 443, 1439, 1747 
H-ion concentration adjustment 
and, 1439 


idle locomotives and, 1439 
manganese removal and, 14389 
oxygen removal, feed waterheater 
and, 447, 449 ae 
pitting; electro-arsenic, Gunder- 
son process, 1440, 1752 an 
feed water heater and, 447, 
448, 1439, 1752 a 
oxygen and, 447, 448 v4 
soda ash and, 1752 ee 
sodium hydroxide and, 1439, 1752 
see Boiler corrosion: Corrosion: 
Corrosiveness: Iron: Steel 
Railroad boiler feed water; 584 
economizers and, 1109 4 
track pans; 1440 BS 
operating costs, 1441 
treatment; 718, 1441, 1752 
alum and sodium aluminate, 448 
apparatus, for locomotive, 718 
carbonation, inadvisability, 1441 
data, 1438 vis 
economy of, 156, 444, 449, 724, 
heaters; Coffin, 446 a 
economy and, 447 
filter; 718, 1441 4 
cost, 718 
gravity vs. pressure, 718, 4 
1441 


pressure, 1440 

rapid vs. slow, 718 

lime-soda; 449, 582, 722, 724 
sodium aluminate and, 722) 

plants, 155 


purifier, Dearborn-Wagner 1440, 
1752 
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ash — 426, 1441 


Bis 
sodium aluminate ‘and, 1441 
softening plants, 445, 1110, 1111 
thermal, 1112 
—- geolite and; 449, 724, 1752 
t vs. lime soda, cost and, 1752 


see Boiler feed water; Railroad 
boiler corrosion; Ete. 


Railroad boiler foaming; blowdown 


and; 446 
and, 447 
suspended ’matter and, 447 


see Boiler foaming; Boiler priming 
Railroad boiler scale prevention; 442 
lime-soda-sodium aluminate, 1441 
soda ash and, 1440 
Railroad boiler water; blowdown; 
440 
cost, calculating, 446 
treatment; compounds, 449, 724, 
1440, 1441 
soda ash and, 724 
ne Boiler; Railroad boiler foaming; 
Railroad supplies; drinking; 1438 
equipment, 273, 718 
hydrants, 287 


gervice lines, materials for, 287 


stations, new, 1439, 1441 


statistics, United States, 724 
water columns, 1439 


Portland, Ore., 709 


Rainfall; Birmingham, Eng., 1726 

Caracas, Venezuela, 581 

England and W ales, 1589 

forests and, 164 

ground storage, percentage and, 856 

heavy; Louisville, Ky., 1257 
New Orleans, La., 1257 
Porto Rico, 1258 

New England, 579, 1600, 1746 > 

runoff and, 1416 

Raritan River; pollution and self- 
purification study, 1438 

Rates; Erie, Pa., 859 

fixed, franchise and, court decision, 
1429 

graded, court decision, 1429 


Jersey City, 1247 

Madison, Wi is., average bill, 1245 
Manila, P. L., 
New York City, 1253 8 


regulation, uniform, 723 a 
statistics, 160, 1233, 1581, 25 
Victoria, Australia, 1589 

Wisconsin, average bill, 1245 
Reading, Eng.; ; valve installation 
under pressure, 1106 


Records; filter plant, 1607 Biol 
plant, value, 273 


1742 
see Meter 
Red water; see Corrosiveness “te 
Reforestation; see Forest 
Regina, Sask.; water supply, 1587, 
Remscheid; lime treatment, 577 
Reservoir; algae, covering and, 1233 
clear water, under coagulation 
basin, 1586 
coagulation i in, 279 7) 
concrete; 976, 1260 
connections, installing under pres- 
sure, 1247 
construction, 1246, 1735 
cost, 850, 1247 
repair, 1253 
sluice gates, 
water, 1247 
construction, 1726, 1727 
fencing, 1233 
flood storage, temporary, calculat- 
ing, 563 
flora and fauna, cycle of, 851 
foundation; fissures, sealing, 1727 
leakage, grouting and, 1427 
impounding; cost, 710, 981 
sand control, 705 
silting; 154, 161, 432, 434, 1732 
“débris’”’ openings and, 563 
forest and, 436 
growths and, 434 
precipitation and, 161 
site preparation, 1581 
lining, gumbo, 272 
new, 711, 1233 
recreational use, 154, 726, 1429 
repair, guniting and, 559, 1253 
storage, watershed yield ‘and, 1430 
stream flow regulation and, 1434, 
1435 
stream pollution and, 1435, 1438 
uncovered, B. Coli and, 992 
weeds, removal, 279 
worms, red; 1603, 1604 i 
covering and, 428 RY 
iron and, aeration and, 1603 
and white, 1604 
Rhinelander, Wis. ; Paper Co., plant, 


566 

typhoid, 566 

water bond issues, defeat of, 566 
Rhode Island; swimming pool regu- 

lations, 1592 
- Richmond, Va.; water supply, 1604 
Rio Grande River; silt and, 432 

see Elephant Butte Reservoir; San 

Benito Irrigation Project 

River; see Flood; Pollution; Runoff; 

Stream 


installing under 
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Rochester, N. Y.; phenol waste treat- 
ment with sewage, 847 
watershed data, 1744 
 Rochamer Gas and Electric Corpora- 
Caneadea dam construction, 
97 
phenol waste treatment with sew- 


age, 847 
- Rock Island Railroad Co.; treatment 
plant, 1111 
Rocky River; hydro-electric develop- 
‘ment, 
Roosevelt Reservoir; siltation, 434 
Roswell, N. M.; ground water, 1412 
Rotifera; carbon dioxide and, i739 
Royal Leamington Spa, Eng. ; water 
supply, 1412 
Royal Oak, Mich.; elevated tank, 
construction, 713 
water supply, 713 
_ Ruhr, Ger.; chlorophenol taste, acti- 
vated carbon and, 1602 
“Ruhrverband,”’ ‘activities, 1582 
water supply, 1584 
Riimland; water supply, 285 
Runoff; 856 
formula values compared with 
actual, 841 
ground cover and, 164 
high, in Vermont, following flood, 


562 
rainfall and, 1416 
see Evaporation; Watershed 


Sacramento, Cal.; filter bed depth, 


experimental purification plant, 
28 
Sacramento River; silt and, 1600 
see Books 
St. Francis Dam; see Los Angeles 
St. Louis, Mo.; filter plants; 273 
Missouri River plant, progress, 


1730 
filters, washed, starting, 565 
reservoir, Stacy Park; construc- 
tion, 1246 
cost, 1247 


sewers, guniting, 567 
_ St. Louis and O’Fallon Railway Co.; 
“exeess income’’ decision, 1433 
St. Paul, Minn.; odors, aeration and, 
1244 
Salem, Mass.; reservoir repair, 1253 
Salinity; determination, 1114 
significance, biological, 1423 
Salisbury, Md.; water supply im- 
provements, fire insurance rates 
and, 723 
Balt see ebloride 


ay 


Saluda Dam; see Lexington Water 


Power Co. 
Sampling; 450 
apparatus; 160 taal 


automatic, interval, 160 


for deep water, 563 
pump; all-metal, 1244 
leather packing, contamina- 
tion and, 1244 
from hydrants, contamination and, 
1244 
proper, importance, 1420 
see Boiler water; Oxygen dissolved 


San Benito Irrigation Project; canals, 


siltation, 432 

San Francisco, Cal.; Hetch Hetchy 
project, progress, 280, 1730, 1733 
water company purchase, 280, 1730 
see Spring Valley Water Co. 

San Gabriel Dam; see Los Angeles 
County 

San Joaquin Light and Power Cor- 
poration; Balch plant, nozzles, 
stellite, 842 

San Leandro; water project, 1260 

Sand; iron determination, 1239 
moisture determination, 1259 
submerged, black layer of iron sul- 

fide, theory, 1426 

sulfide determination, 1426 
see Filter sand; Soil 

Sandusky, O.; chlorine-resistant gas 
formers, 857 

_ filter bottoms, broken stone 1756 

Sanitary survey; value, 848 

Sanitation; rural, 424 
see Books, new, 424 

Santa Ana, Cal.; typhoid epidemic, 
424 

Santa Clara River; erosion preven- 
tion and cost, 561 

Santa Fe Railroad; Grand Canyon 
plant, 1744 

Saratoga Springs; 
activity, 151 

Saxony; metropolitan supply system; 
financing and cost apportionment, 
578 

Scarborough, Eng.; filter plant, 711 
= supply extension, 569, 710, 

7 


water, catalytic 


Scarsdale; pumping station, auto- 
matic control, 710 

Schaefertown, ’Pa.; ; water supply, 
early, 1434 

Schistosomiasis; water treatment and, 
1597 

School; see Water supply 

Schuylkill River; taste pollution de- 
cision, 1434 
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Scotland; 1732 
see Books, new; Great Britain 
Screen; fish, electric, 1436 
traveling, 986, 1111, 1441 
Screening; efficiency, sieve motion 
and, 1600 
Sea water; and fresh, separating sur- 
face on sandy coast, 1243 
sterilization, ozone and, 1598 
Seattle, Wash.; Boxley Canyon flood, 
court decision, 840 
chlorination, Lake Youngs, 565 
Diablo dam, progress, 1730 
Sedimentation basin; 445, 1584 
cleaning; 1604 
mechanical, 1599 
flow distribution, perforated wall 
and, 1724 
see Coagulation basin 
Services; blind, marker, 280 
cast iron, 838 
cement, lining with, 567, 838 
charging for, 1102 
clogged; clearing, 166, 838 
tuberculation and; 1603 
removing, acid and steam 
methods, 1603 
copper; advantages, 438, 993 
head loss, 1742 
financing, 707 
fittings, lining with lead, 838 
head loss, 1742 
iron, galvanized, tuberculation, 
laying; 1435 
in advance of pavement, 279 
practice, 273 
lead, head loss, 1742 
materials, merits, 1435 
practice, 838, 1247 
regulations, 1724 
size, practice, 279, 838, 1102 
statistics, 1927, 157 


iq 


wrought iron; cement-lined; 567, 
life, 838 
galvanized, 567, 838 
see Curb cock 
Sewage; analysis, 163 PAs 
disposal and treatment; 297, 860, 


861, 864 
activated sludge; effluent as in- 
dustrial water supply, 157 


se -Imhoff, dye and paint waste 
and, 987 
oxygen, surface vs. diffused 
Sas aeration and, 164 


purification rate, pH and, 164 
chlorination, 439 


dilution, oxygen requiutd per 
capita, 428 

efficiency index, permanganate vs. 
dichromate test, 163 


filters, “‘de-clogging,” 287 

history, 573 Oe 

plant; effluents, fish and, 286 
new, 719, 1260 ; 


progress, 1260 
sludge digestion, pH and, O74 
ee filters, media, selection, 


phenol content, 1101 mttaer 
see Books; Phenol oF 

Sewer; outfall, construction, 1432 _ 
see Pipe 

Sewickley, Pa.; zeolite 
plant and costs, 857 

Shanghai, China; consumption, 1727 
water works, 1727 

Sheffield, Eng.; filter plant, 575 
plumbo- solvency, correction, 575 _ 

Shellfish; certification, 860 ae? 
ozone treatment, 1598 tand 
see Oysters 

Shenango Valley, Pa.; water supply 
reservoir, 1435 

Sherman Island Dam; upward pres- 
sure, 432 

Shreveport, La.; swimming pool ordi- 
nance, 860 

Silica; colloidal, removal, alum and, 


softening 


see Boiler feed water; Boiler feed 
water treatment 
Silicate; removal, lime treatment, 980 
see Boiler feed water treatment: 
Concrete: Corrosiveness 
Silicie acid; occurrence in water, 1749 
see Boiler feed water treatment; 
Boiler water 
Silk; manufacture, soap and hard 
water, 1235 
Silver nitrate; see Chloride deter- 
mination 
Silvis, IIl.; 
1441 
Sisal pollution; filtration and, 1424 
fish and, 1424 
oxygen absorbed and, albuminoid 
ammonia and, 1424 
Slaughter house ‘waste ; dangers of, 
162 
purification, 162 abi 
Snake River; see Books 
Soap; softening, saving and, 839 
waste prevention, Hydrosan and, 


9 
see Silk 


railroad water station, 
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Soda ash; see Bo 
feed water treatment; Coagulation; 
Color; Corrosiveness; Pipe coating; 
Railroad; Softening 

Sodium acetate; see Boiler corrosion 


‘Sodium aluminate; see Boiler feed 


water treatment; Canning; Coagu- 
lation; Color; Corrosiveness; Rail- 
; Softening 
Sodium bicarbonate; see Lead 
Sodium carbonate; determination, 
1749 
see Soda ash 
Sodium chloride; iodized, iodine de- 
termination, 1418 
organisms, indicating, 451 
see Chloride; Ice 
Sodium hydroxide; drums, removal 
from, 442 
see Boiler corrosion; Boiler feed 
water treatment; Railroad 
Sodium hypochlorite; chlorine ab- 
sorption determination and, 1589 
see Chlorination; Ergichlor; Hypo- 
chlorite 
Sodium nitrate; see Pollution, stream 
Sodium phosphate; determination, 
rapid, 1750 
see Boiler corrosion 
Sodium silicate; 
see Concrete; Corrosiveness; Silicate 
—— sulfate; determination, rapid, 
see Boiler corrosion 
Sodium thiosulfate; see Chlorination 
Softening; 156, 274, 719 


color removal and, 1728 

cost, 857, 1753, 1757. 

Crenothrix removal, 156 

Crystalite, softening capacity, 
426 

sand, softening capacity, 


iron removal and, 1728 

lead removal and, 1728 

manganese removal and, 156, 
1728 

Natrolith and, 1728 

paper mill and, 1418 nl A 

plants; 156, 857, 1753 


green sand, cost, 857 pA 
operation, 1753 


Permutit, 1106, 1110, 1418. 
regeneration, salt required, 426, 
3 


base exchange; 445 see ene, 
advantages, 719 plants; 445, 1753 
chemistry of, 1753 ipa onilie flumes, concrete; failure, 1756 


domestic, 1593 Loe 
new, 1757 water, pellicule, 1413 


iron; Pipe corrosion 


ABSTRACTS 


study, 992, 1581 
upward flow, 426, 1757 
wash water, percentage, 426, 
1757 
chemicals, estimating amounts re. 
quired, 444 
control, pH and, 426, 585 
cost, 436 
H-ion concentration and, 274 
incrustation and, 1441, 1757 
laundry, saving, 839 
lime; 1755 
clarifier, Dorr, and; 445 
sludge removal, percentage, 
1261 
excess, and recarbonation, 445, 
1115, 1261, 1756 
iodine loss and, 573, 1243 
pebble, 1115 el 
lime-soda; 854 
alum and, 1426 
cost, 857, 1755 Loni 
filter sand incrustation; 1756, 
1757 
removal, carbon dioxide 
scrubber water and, 1756 
iron sulfate and, 1426 
vs. lime-zeolite, 426, 445 9 
limit, 1728 
plants; 1232, 1426, 1755, 1757 
cost, 1755 
fill-and-draw, 1757 
sodium aluminate and, 1426 
municipal; economy and, 436 ie 
hardness, final, and, 567, 854, 
1106, 1261, 1755, 1757 


vs. steel, 1756 
sludge; removal, continuous, 1115 
return, 1115 
soap saving and, 839 
split treatment, 1115 
see Boiler; Calcium carbonate; Car- 
bonation; Cooling; Lime Treat- 
ment; Railroad 
Soil; corrosion and; cinders and, 984 
survey and, 167, 989 
corrosiveness determination, 1238 
moisture; equivalent, 1414 
types, 1413 
water capacity, maximal molecu- 
‘Jar, determination, 1413 


_ see Earth; Evaporation; Pipe, cast 


Somerset, Eng.; wells and springs, 
1411, 1728 
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Sons of Gwalis, Ltd.; feed 
treatment, 276 
- South Africa; consumption, 852 
water supplies; 852 
borehole, 1414 
_ South Bend, Ind.; sewer construc- 
tion in wet ground, 564 
water works extension, 566 
South Pittsburgh, Pa.; ‘meter prac- 
tice, 848 
South Platte River; irrigation inter- 
ests vs. Denver, litigation and, 283 
Bouth Staffordshire Waterworks Co. 
Prestwood pumping station, 710 
Sandfields filter plant and opera- 
tion, 711 
Southern California Edison Co.; 
duplex leaf valve, 1255 
Southern Pacific Railroad; Spencer, 
plant improvements, 448 
geolite treatment, 449, 1752 
Southwest Water Works Association; 
constitution, 272 
_ Spenborough, Eng.; water supply, 
1427 


Spencer, N. C.; see Southern Pacific 


Ry Railroad 
‘Spillway; see Dam ito 
Spring; fault zone and, 1415 
forms of, 856 writ 
mineral; "capture, 1598 
submerged, capture, 1598 
origin, 1416 nin 
permanence, insuring, 1415 


supplies; data, 991 
new, 977 
thermal, 1411 
a Books; Water, ground 
Spring Brook Water Co.; water line 
damage case, 1743 
Spring Valley Water Co.; consump- 
tion, 279 
= system maintenance, 
9 


metering and meter practice, 279 
pipe, wrought iron, old, 284 _ 
reservoir, coagulation in, 279 
services, practice, 279 
see San Francisco 

Springfield, Ill.; elevated tank, new; 


cost, 1260 
softening plant, 445 
Mass.; 


tunnel, cross-sections, 
graph and, 1248 
distribution system practice, 838 


panto- 


pollution, protection and, 429, 1415 | 


hydrants, 838 
metering, 838 
Provo Mountain supply pipeline, 


843, 1261 

services, 838 

Springfield, Mo.; consumption, 837 
dam, new, 1098 
filter plant, 837 rel: 
leakage, reducing, 837 
metering, 837 
pollution, court decision, 716 


meter an 
Stafford, Eng.; consumption, 850 
water supply and costs, 850 
Stamford, Tex.; water supply, 433 
Standpipe; bird fence, 1734 
capacity, increasing, 160 
concrete, waterproof lining, 158 : 
site, securing, court decision, 1743 | 
see Storage Tank; Water tower 
Starch; solution, preservation, 977 
- Board of health; industry and, 
9 
State Sanitary Engineers’; Associa- 
tion, bathing beach standards, 
Conference; bathing place stand- 
ards, 852, 860 
transactions, 8th annual meet- 
ing, 725 


Staunton, Va.; corrosiveness, lime 


and, 1603 
services, 1603 
water supply, 1 
Steam; 584 i 
corrosiveness, oxygen and carbon | 
dioxide removal from feedwater 


and, 583 
driers, 585 q 
dry, producing, 583, 718 wok 
generation, 58. 
meters, 584 
oil removal, 1235 fins 
pipe; 584 

corrosion, causes, 1753 ait - 
pressure, high, 585 
super-heaters; 585 

convection type,704 =| 


wet, prevention, 1110 
see Boiler; Books 
Steel; copper bearing, increasing use 


of, 1 
corrosion; 
acid, 1423 
contact with copper, lead or zine, 
1423 
copper content and, 715 
rust prevention, paints, pig- 


ments, 1422 
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stray pitting and, 1423 
submerged, stone fly larvae and, 
562 


mild, strain; corrosion and, 978 
detection, '978 


stainless, various, compositions, 
979 
see Boiler; Corrosion; Corrosive- 


ness; Iron; Pipe; Tank 

Steel mill waste; fish and, 1418 
treatment methods, 863 

Steinheim Basin; thermal and mineral 
springs, 1417 

Stellite; see Waterwheel 

Sterilization; activated carbon and, 

1602 

electrolytically, with production of 
ozone, 1241 

see Boiling; Chlorination; Lime 
treatment; Ozone; Ultra-violet 

ray 
tettin, Ger.; manganese, 286 | 

Steubenville, O.; 

Stoker; see Boiler furnace 

Stone- fly; see Hydropsychida 

‘s Storage; color and, 1746 

elevated; advantages, 1248 
protection and, 1248, 1428 

location, 1428 

pressure and, 1259, 1428, 1586 
pumping and, 1248, 1428 

purification and; 1588 
frost and, 424 

statistics, 1260 

see Reservoir; 
Water tower 

Stratford-on-Avon, Eng.; water sup- 
ply, 1412 

Stream; erosion; forestation and, 436 
prevention and cost, 561 

regulation; forestation and, 


Standpipe; Tank; 


reservoirs and, 1434 

gaging, accuracy, 563 

gaseous constituents, diurnal varia- 
tions, 147, 162, 163 

ground water and, 

1417 

origin, 1416 
sediments, carriage and deposition, 

1251 

see Flood; Pollution; Runoff; Water 

shed 


relationship, 


Stuttgart, Ger.; flushometers, 1602 


manganese, 857 orig 
nsarse Sulfide determination; see Sand 


Streptococcus fecalis; B. coli test 
and, 289 
chlorine death point, 291 » 
pathogenicity, 289 
significance in water, 290 9 41h. 


Sugar, beet; 
oxygen dissolved and, 
treatment; 164, 992 
biological, 574, 1418, 1581 
volume, decreasing, 1581 
water, clarification, ‘Mammut’ 
thickener and, 1740 
Sugar waste treatment; 275 
carbon dioxide and, 574 1a 


fermentation, 1740 
land filtration, 1740 
lime and; 1740 ay 
ferrous sulfate and, 574 
Sulfate; determination; benzidine 
and, 1424 
gravimetric; 1424 ont 


4g 
as barium sulfate, 1236 
volumetric; 1421 
Bahrdt’s method, 275 
barium chromate, organic 
matter and, 1585, 1595 
iodometric, 1424 
see Cement; Sodium sulfate 


Sulfur; cycle of reactions on sea bot- 
tom and sand beach, 1426 

Sulfur dioxide; see Chlorination; 
Color 

Sulfuric acid; see Boiler feed water 
treatment; Coagulation 

Sunlight; see Chlorination; Chlorine 
absorption; Chlorine, free, deter- 
mination; ‘Light; Potassium per- 
manganate: Swimming pool 

Sussex, Eng. and springs, 991 


Sutton Coldfield Eng.; water supply, 
1412 

Swimming pool; 586 sods) = 
aeration; 1422 ase 


compressed air and, 1246 
chlorination; 725, 852, 1246, 1422 

ammonia and, 1241 

apparatus, 1585 

Caporite and, 1585 

chloramine; residual and, 852 

sunlight and, 852 

hypochlorite, sunlight and, 852 

monochloramine and, 1241 

residual required, 845, 846, 1590 


vs. ultra-violet ray treatment, 
274 
coagulation, alum ash, 
1422 
construction, 1591 
disinfection, 149 
filtration; 1422 jot. 
pressure, 1246 OM 


infections from, 149, 845 ut 


linings, 846 bak 
faye 
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purification; 1590 
impoxtance of, 1591 
plant/cost, 1422 

recirculation; vs. fill and draw, 846 
vs/flowing through, cost and, 274 
regulations; city, 725, 860 

state, 425, 569, 1592 
supervision, 430, 431, 845, 1591 
temperature and, 274, 846 
ultra-violet ray treatment, 725 
United States Army, 425 
water quality; standards, 274, 845, 
«846, 852, 860, 1591 
test, filtration through flannel, 
846 

wave-producing machinery, 846 

see Beene Bathing beach; Wading 
00 

chlorination and, 1257 
copper sulfate and, 1257 
filter runs and, 1257 
taste and, 1102 
turbidity addition and, 1257 

Synura; copper sulfate and, 572 


Tacoma, Wash.; pipeline, concrete, 


standpipe, bird fence, 1735 
Tank; elevated; construction, 713 
dimensions, practice, 707 

guniting; 1250 


cost, 1250 ae! 
steel; elevated; 990 
construction; 1259 
J gin pole for, 1735 
cost, 1260 
Wi encasing in brick and mas- 
onry, 1248 
lowering of, 568 
pitting; 568 


copper-bearing steel and, 568 
painting, 568 
protective coating; 273, 1429, 1439 
cement, 1429, 1439 
paint, 1439 
see Filtration, rapid sand; Stand- 
pipe; Storage; Water tower 
Tannate; see Boiler corrosion 
Tannery; waste treatment; 165, 857, 
1421, 1729 
settlement and filtration, 987 
water for, quality requirements, 278 
Tannin; dispersion, pH and, 1604 
Taste and odor; aeration and, 1116 
algae and; 713, 714 
chlorination and, 274 
copper sulfate and, 274 


Asterionella, chlorination and, 1606 
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industrial waste and, court deci- 
sion, 1434 
microscopic life and, 851 
concentration and, 1758 
Synedra and, 1102 
_ see Chlorination 
Taxation; public utilities and, 723 
Temperature; diurnal variations, 
1234 
see Chlorination; Chlorine absorp- 
tion; Oxygen dissolved 
Tennessee; goiter, water and, 988 
Texas; plumbing code, 860 
short school, 272, 860, 1115, 1429 
water supplies; status, 272 
wells and, 435 
west, ground waters, 1430 ui 
Thames River; flood, record, 840 
hardness, rain and, 147 
Thermometer; see Books 
Thuringia, Ger.; ground water, 1417 
Tillsonburg, Ont.; water works valua- 
tion, 1257 
Tin : recovery works, waste toxicity, 
574 
Tjiliwong; coagulation, lime, 1425 
Tocopella, Chile; water supply, 289 
o-Tolidin; see Chlorine, free, deter- 
mination 
Toluidine blue; see Bacterium coli 
test 
Topeka, Kans.; intake, river bed 
protection and, 1248 
Toronto, Ont.; agitation studies, 1256 
taste, super- and dechlorination 
and, and cost, 1256 
Torquay, Eng.; Synura, copper sul- 
fate and, 572 
Tourists; see Camp 
Transmittophone; pipe location and, 
1440 


Treatment; industrial supplies and, 
1418 
progress, 1583, 1588 
see Aeration; Carbon; Chlorina- 
tion; Coagulation; Filtration; 
Railroad; Softening; Etc. NA 
Trenching; costs, 1244, 1259 
wet ground and, 564 a 
Tunnel; 568, 990, 1260, 1730, 1731 
alignment records, 1733 
concrete-lined; 158, 280, 285, 1257, 
1730 
size required and, 280 
construction; large size and, 285, 
1257 
sub-aqueous, 1731 
cross-sectioning; pantograph and, 
rod, 285 bas 
geology and, 990 
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owners’ association, Pennsylvani: 
Paris and, 846 
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inlet, regulation works, 434 


muckers, roof protection for, 1253 
shaft construction, caisson failure, 


waterproofing, 1253 

see Books 

Tuolumne River; Farly intake diver- 
sion, 434 

Turbidity; determination; 1115 

apparatus; 844, 1097 

floc detector, 1097 

photoelectric, 1427 

wprias submarine light and, 1097 

Olszewski-Rosenmuller method, 

in settled water, 577 

limits for treated water, 1097 

removal, as index of bacterial effi- 

ciency, 1097 

see Algae; Chlorination; Coagula- 

tion; Filtration, rapid sand; Po- 

tassium permanganate 

Turbines; European, 838 

steam; corrosion, factors, 1244 

size, record, 1254 

water, lining up, micrometer target 
and, 1259 

see Books; Pump, centrifugal 

size, record, 1254 

Turkey; water supply, law and, 856 

Tutuila, Samoa; Naval Station water 

supply pollution, 849 

Twort-D’Herelle; see Bacteriophage 

Typhoid; age distribution, 1599 


Angouléme outbreak, 845 ~~ 
Baltimore, 863 1B 
Chicago, 1598 


chlorination and, 578 
cross-connection and, Fort Wayne, 
Ind.; 1723 

damage award and, 430 
Eastport, Md., epidemic, 863 
epidemic, notification downstream 
and, 1759 


Johnsonburg, Pa., 430 
Maryland, 863 
New York, 1598 


Olean, N. Y., epidemic, water- 

borne, 1099, 1102 

Pittsburg, Cal., water-borne, 716 

Pittsburgh, Pa., 1431, 1432 

Providence, R. I., 1598 

Rhinelander, Wis., 566 

as rural disease, 429 

Santa Ana, Cal., epidemic, water- 
borne, 424 

seasonal distribution, water puri- 

fication and, 1598 
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United States, 1900 and 1925, 1 
water-borne; damage award and, 
430, 716, 1099, 1103 
liability and; 428, 1099, 1102 
health officer and, 1099 
water supply and purification and, 
856, 1099, 1431 
watershed protection and, 438 
West Virginia, 1099, 1590 


Wisconsin, 566 stander 
see Disease rv 


Ultra-violet ray; see Swimming pool 
Union Ice Co.; dam failure, 982 
United States Bureau of Mines; 
water analysis methods, 292 
United States Bureau of Reclama- 
tion; Boulder dam, 1732 
upward pressure experiments, 
2 


dams, status, 1731 
United States Navy; see Tutuila 
Urbana, Ill.; red worms, 1604 
Utility; public; federal decisions 
affecting, 1436 
ownership, trend, 723 ibicdy 


taxation, 723 at 
see Water works 
Valuation; 1248 a 


mains, paving and, 1257 
regulation, uniform, 723 
status, federal decisions and, 1433 
see Books 
Valve; 584 
boxes, locating, dip needle, 166 
closed, locating, pitometer and, 725 
duplex leaf, large, motor-operated, 
1255 
hydraulic, packing, 1607 
leakage; correcting, 166 
detection, aquaphone and, 166 
marking in undeveloped sections, 
166 
packing, revivifying, 1607 
practice, 838 
shutoff, automatic, 1248 
statistics, 1927, 157 
see Cross-connections; Main 
Vancouver Water District, B. C.; 
consumption, 706 
organization, 706 = | 
water; cost, 707 
quality, 1256 
supply, 706,1256 
Venturi meter; advantages, 434 
coefficients, determining; 982 
Reynold’s criterion and, 982 
Vermont; flood control report, 1736 
flood, 1927, runoff and, 562 


561 
{ 
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Vessel, navigating; cholera and, regu- 
lations and, 1588 : 
polluted water storage for boilers, 

epidemic and, 856 
U.S.S. Melville, diarrhea outbreak 
and, 571 

Vibrio; cholerae, chlorination and, 

1728 


Madras supply and, 287 

Victoria, Australia; water supply 
legislation, 1588 

Villa Park, Ill.; water supply, 157 

Virginia Water and Sewage Works 
Association; conference, 1929, 1602 
constitution, 1602 

Viscosity; see Flow 

Vrederust; water supply, 1741 


Waco, Tex.; water problem, 273 
Wading pool; water standards, 1590 
see Swimming pool 
Waldenburg, Ger.; phenol 
treatment with sewage, 847 
Wales; rainfall, 1589 
rural supplies, 850, 1597 
see Great Britain 
Warwick, Eng.; water supply, 1412 
Warwickshire, Eng.; wells and 
springs, 1412 
Washington State; water rights and, 
981 
see Books 
Washington Suburban Sanitary Dis- 
trict; financing, 723 
maintenance practice, 166 
Waste; consumption and, 711 
detection, aquaphone and, 166 
frost and, 424 
see Leakage 
Water; mineral constituents, 444 
molecular structure, 979 
plants, fresh water, oil and, 853 
use, Colorado law and, 288 
uses, order of importance, 726 
see Books 
Water analysis; 163, 168,297 


waste, 


boiler feed; 582 bite” 
standardization, 582 
boiler water, 718 


equipment, 861 
methods; internationalizing, 586 
Pennsylvania State Bd. of 
Health and, 157 
mineral; methods of Bureau of 
Mines, 292 
reporting, methods, 1737 
Water closet, flushometer; pollution 
of supply and, 1602 
regulations, Stuttgart, Ger., 1602 
water saving and, 1602 
eal breakers and, 


ground storage, 856 


and, relationship, 1417 


volume available, determining, 705, 
988, 1597 


Water cost; Belmont, Mass., 567 
Erie, Pa., 859 
Grand Canyon National Park, 1744 
Vancouver, B. C., 707 
Water fleas; chlorination and, 1745 
copper sulfate and, 1745 
Water, gratuitous; Cleveland, O., 159 
Erie, Pa., 859 
Water, ground; artesian; aquifers, 
compressibility, 1412, 1413 
conservation, 156 
Roswell, N. M., 1412 
Atlantic City, N. J., 1411 
<r investigation, need of, 


cemeteries and, 285 
conservation, 1261 
Darecy’s law, validity, 1442 
divining, 165, 1417 
extent, determining, 1430 
infiltration and storage, principles, 
1414 


flow direction, determining, 1597 — 
level; factors, 275 
lowering of; 1257 
for construction work, 1417 
rise, surface load and, 1412 
Mississippi and, 1410 
movement, factors, 1414, 1415 
New Haven, Conn., 1411 
origin of, 856 
pollution; 726 
mine waste, injunction and, 1585 
protection and, 1261 
prospecting for, 156 
rainfall, percentage reaching 
salt water; boundary, equations, 
1410 
diffusion, 1410 
sanitary control, 726 
sea, derivation from and return to, 
cycles, 1414 


water bearing; bed, compressibil- 
ity, 1412 
materials, 168 
see Books; Evaporation; Geyser; 
Soil; Spring; Well 
Water hammer; see Pipe; Pump, 
centrifugal 
Water measurement; see Meter; Ori- 
fice; Venturi; Weir 
Water, mineral; catalytic activity, 
151, 1234 
composition, reporting, methods, 
1737 
plant, modern, 440, 
see Books Bes 
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Water quality; bacterial standard; 
429 
coli limit, 1583 } 
certification and, 860 
indicating organisms, 450 
liquor consumption and, 430 
rating and, 
responsibility, heath officer’s, 1100 
turbidity limit, 1097 
see Bacterium coli; Pollution; Puri- 
cation; Storage; Treatment; Etc. 
Water rights; California; 288 
damage actions, legislation, pro- 
posed, 1416 
“reasonable use’ ’ and, 1252 
Colorado, 981 
Washington, “beneficial use,’’ 981 
wo supply; benefits, appraisal of, 


control, laboratory, 860 
has data, large cities in U. S8., 1923, 571 
defects, sanitary, 273 
distilled water and, 289 
~ ary climate, aerial well and, 165 
first in U. 1434 
highway, protecting, 1098 
_ improvements, fire insurance rates 


and, 723 
be interstate carriers, inspection and, 
law and, Turkey, 856 
progress, 1260 
protection, 849 


reclamation, 1744 


regional committees and, 1597 


rural; 425 

autopneumatic, ‘‘Bruston,”’ 1238 

 eity supply lines and, 1597 

piped, 1431 

quality, improvement, 1431 

-- regional committees and, 850, 1597 

_ safe, marking, 562, 565, 7 

school, inspection of, 1100 
sources; pooling of, 1589 

bs selecting, 272, 860, 1116 | 

statistics, 1233 

system, small, 
control, 1736 

see Books; Purification; Typhoid; 
Well: Ete. 

Water supply, industrial; 
sewage as, 157 

state board of health and, 1099 
see Ice; Tannery; Etc. 

Water tower; steel, new, 1736 
see Standpipe; Storage; Tank 


a automatic siphon 


purified 


Water unaccounted for; Belmont, 
causes, 284 


Lansing, Mich., 1232 


Manila, P. I., 568 
reducing, Akron, O., 837 
Water weeds; troublesome, 858 
see Reservoir 
Water works; agreements, 
verbal and, 1742 
companies, court decisions re, in 
Pennsylvania, 1433 
cost, 1247 
design, construction and operation, 


written, 


employees; 1435 
negligence, liability and, 1584 
management, 1435 
materials, storage, 1248 
ownership; companies, consolida- 
tion, in Pennsylvania, 1433, 1435 
holding companies and, 1432 
municipal; in Pennsylvania, 1433, 
1435 
service outside city, court 
decision, 1429 
“water corporation,” 
es, court decision, 1429 
parent corporations and, 723, 
1433 , 


as 


private vs. public, 722, 1433 
trend, 723 
state regulation, 1435 
see Accounting; Financing; Publie; 
Purification; Rates; Utilities; 
Valuation; Etc. 
Watershed; erosion; a and, 


va 1596 
grazing and, 434 
 forestation, 1725,1744 


protection; 706, 1429, 1596 
purchase and, 438, 1744 
state regulations and, 437 
typhoid and, 438 
Widal testing and, 1256 
recreational use, 158, 438, 1256, 1433 
streams, sediment, freeing of, 
value, 1605 
yield; formula, Hawksley, 1430 
geology and, 1430 
storage reservoirs and, 1430 
see Forest 
Waterwheel; Stellite 
and, 842 
Waukegan, IIl.; new filter plant, 1587 
Weir measurements; accuracy, 434 
precise, formulas, 155 
Welding; arc; new method, 146 
precautions, 1242 
see Pipe; Pipe, steel 
Well; artesian; earthquakes and, 1412 
leaking, exploring and repairing, 
1 


nozzle, wéar, 


Ver 


‘boring, difficulties, 1414 
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easing leakage, locating, 1411 
construction; 1430 
various types, 726, 1585 x 
deep; B. aerogenes, significance, 


prevalence, increasing, 1589 
strainers, cast iron, long life, 711 
_ drainage, provision for, 166 
- draw down; decreasing, 1414 
pumping rate and, 1411 
drilling, 1430 
gravel wall; 435 
cost, 1594 
in fine sand, 1441 
hydrants, 841 
locating; factors, 1430 
test wells and, 1430 
microérganisms ‘and, 451 


1247 
pipe, raising out of, 166 
pollution, protection and, 429, 1585 
pump, hand, design, 726 
pump rods, recovering, 166 
pumping; air lift; 274, 435 
control, automatic, 1247 
economy of, 1103 
centrifugal, electric drive, auto- 
matic control, 706, 1744 
turbine, 435 
salt water contamination; 1411 
plugging with concrete and, 1744 
sereen, brass, cleaning, 864 
sterilization, bleaching powder and, 
429, 
supplies; data, 272, 991 
‘designing, 
type, selection, 1430 
yield; draw down and, 706 
formulas, 1442 
laws of, 1430 
see Books: Water, ground 
Wellston, O.; new purification plant 
and results, 1756 seq. 
West Virginia; conference on water 
purification, 4th, 857 
industrial waste pollution, 857 
_ phenol pollution, prevention, 1580 
typhoid, 1099, 1590 
water supplies, 1590 
Westerly ; standpipe, lining, 158 
Westerville, O.; softening and filter 
plant, operation and costs, 1755 
Westfield, Mass.; Granville dam, con- 
struction and ‘cost, 1581 
Whalen Dam; see North Platte Irri- 
gation Project 


Windsor, 


Wisconsin; 
new, 569, 706, 710, 857, "858, 989, 


Eng.; 


Worms; 


for 
coagulation with; 854, 1745 
filter runs and, 1745" 

see Calcium carbonate; 
Limestone; Marble 


Chalk; 


Wichita Falls, Tex.; ; oil well pollu- 
tion, 429 
a illiamson; filters, gas formation in, 
858 


mine, pollution from, 858 

ilson’ Dam; asphalt grouting, 564 
Ont.; see Essex Border 
Utilities Commission 


~ Winooski River; runoff, high, Novem- 


ber, 1927; 562. 
study, ‘841 
lakes; H-ion concentra- 
tion, 985 
organic content, 1243 
paper waste, utilization, 
sewage 861 
stream pollution; control, 988 
research, 857, 1418 
typhoid, 566 
water bill, average annual, 1245 
water supplies, 567, 861 
see 8 
Wisconsin River; 
1418 
Woodstock, Va.; Ordovician rocks, 
ground water, "168 
Wool scouring waste treatment; 857 
acid cracking and alum; 987 
alum recovery, 987 
cost, 987 


pollution survey, 


rivers, pollu- 
tion, 572 
see Caddis; 
Reservoir 
Worth Lake; silting, 154 
Wrought iron; corrosion; 1101 
acid, 1423 
stray current, pitting and, 1423 
see Corrosion; Tron corrosion; Pipe 
Wyandotte; filter washing, 296 


Chironomus; 


Youngstown, 0O.; see Mahoning 
Valley Sanitary District 


Yukon; drainage, 714 


Zeolite; see Softening 
Zine; see Pipe, galvanized; Steel 
Zuni Reservoir; silting, 161 
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